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Description 

[0001] The invention relates to the field of molecular genetics and medicine. In particular the present invention relates 
tn thP field of oene therapy, more in particular to gene therapy using adenoviruses, 
i roOM] I In gene therapy genetic information is de.ivered to a host ce.l in order to either correct (supplement) a gene .c 

information can also be intended to provide the host cell with a wanted function, for .nstance to supply a secreted 

5SS ^SSStl- ^roaches in gene therapy, one directed towards compensating a 
o EL cy presentTn a (mammaLn) host; the second directed towards the removal or elimination of unwanted sub- 
stances (oroanisms or cells) and the third towards providing a cell with a wanted function. 

MoT S the purpose of gene therapy, adenoviruses have been proposed as suitable vehicles to deliver genes to 
he host. Gen transfer vectors derived from adenoviruses (so-called adenoviral vectors) have a number creatures 
that make them particular^ useful for gene transfer. 1 ) the biology of the adenov.ruses ^S^S^ta MA 

5 adenovirus is not associated with severe human pathology, 3) the virus is extremely effluent ,n .ntroduang ts DNA 
fnto the host cell 4) the virus can infect a wide variety of cells and has a broad host-range, 5) the virus can be produced 
at high vims titers in large quantities, and 6) the virus can be rendered replication defective by deletion of the eady- 
reaionl (ED of the viral genome (Brodyetal, 1994). ... H 

oE However, there are still drawbacks associated with the use of adenoviral vectors especally the well .nvesti- 

>o gated serotypes o subgroup C adenoviruses. These serotypes require the presence of the Coxsack, 

SSor (CAR? on cells for successful infection. Although this protein is expressed by many cells and established ceH 
ST£ TroteinTs absent for many other primary cells and ce.l lines making the latter cells difficult to .nfect w,th 

ST S The 2 ad 5 enovtru 6 s genome is a linear double-stranded DNA mo.ecu.e of approximately 36000 base pairs Jhe 
25 adenovirus DNA contains identical Inverted Terminal Repeats (ITR) of approximately 90-1 40 base pa.rs with the exact 

lengtn depending on the serotype. The viral origins of replication are within the ITRs exactly at the genome end* 

Ooft Z adenoviral vectors currently used in gene therapy have a deletion in the El "^'^^"JJ? 

nfoiion can be introduced. The E1 deletion renders the recombinant virus rep cation defective (Levre o et aU 991 1) 

It has been demonstrated extensively that recombinant adenovirus, in particular serotype 5 is suitable for efficient 
30 L^S^TgenTrv/w) to the liver, the airway epithelium and soiid tumours in animal models and human xenografts 

l ^l^ZZoe (Bout. 1 996; Blaese et a/., 1 995). Thus, preferred methods for in vivo gene transfer ,nto target 

rf>ite makp use of adenoviral vectors as gene delivery vehicles. 

S^ At prelt ix different subgroups of human adenoviruses have been proposed " " 

51 distinct adenovirus serotypes. Besides these human adenoviruses an extensive number of animal adenoviruses 

" SoTa immunological distinctiveness as determined by quantitative neutra, 

S antisera (horse, rabbit). If neutra.isation shows a certain degree of 

viruses distinctiveness of serotype is assumed if A) the hemagglutinins are unrelated, as shown by lack of cross 
eaSon l ^ LonHnhL, or B) substantial biophysical biochemical differences n DNA exist (FranckM 
40 afl 991 ) The nine serotypes identified last (42-51 ) were isolated for the first time from HIV- .nfected patients (H.erholzer 
eallS 

patients shed adenoviruses that were rarely or never isolated from immunocompetent ind.v.duals (H.erholzer et al 
iQfiR 1Q92- Khoo et al 1995, De Jong et al, 1998). _ 

sero »yp e 5 is most widely used for 9ene ^ purposes - T 1 " 3 ? TSCi, « i 

45 erotype 5 has a natural affiliation towards lung epithelia and other respiratory tissues In "^"iEZ^" 
instance serotypes 40 and 41 have a natural affiliation towards the gastro.ntestmal tract. For a detailed overview o 
he d sTaseTssociation of the different adenovirus serotypes see tab.e 1 . The underlying reason for he .fferer, nato*. 
affiliations of serotypes towards specific organs can be manifold. Such reasons may .nclude but need not be I m.ted 

serotypes differ in the route of infection or make use of different receptor molecu.es or internal- 

so safon Shwavs or that a serotype can infect many tissues/organs but it can only replicate in one organ because of 

cellulaf factors for replication. As mentioned before, it is presently unknown wh.ch mecha- 
nisms are resDonsible for the observed differences in human disease association. ..... 

Si] One oHhe prob.ems associated with the development of effective Gene Therapy protocols for the Jaatment 
of disease* the limitation of the current vectors to effectively transduce cells in vivo. One of the most effective ways 

« to Sr fore gn genetic materia, to cells in vivo is through the use of adenovirus vectors. Although, the vector system 
s vet efficien?the current adenovirus vector techno.ogy has its limitation. Specifically were certain cell ^es need to 
be transduced that are normally not very efficiently transduced by Adenovirus 2 or 5. Examples o such relatively 
resistant cell types include endothelial cells, smooth muscle cells, dendritic cells, neuronal cells, gl.al cells, synovical 
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cells, primary fibroblasts, cells from the amniotic fluid, hemopoietic stem cells, and monocytic/ macrophage cells etc. 
Thus in one aspect the invention provides a method for delivering a nucleic acid of interest to a host cell by means of 
a gene delivery vehicle based on adenoviral material, whereby said gene delivery vehicle delivers the nucleic acid to 
the host cell by associating with a binding site and/or a receptor present on CAR-negative cells, said binding site and/ 
5 or receptor being a binding site and/or a receptor for adenovirus subgroups D and/or F. The method may advanta- 
geously be used to efficiently transduce cells both in vitro and in vivo. 

[0012] The present invention was made during research with chimaeric adenoviruses. Said chimaeric adenoviruses 
comprising capsids derived from adenovirus 5 of which at least part of the adenovirus 5 fiber protein was replaced by 
a fiber protein from a different adenovirus serotype. It was observed that chimaeric adenoviruses comprising fiber 
10 protein from adenovirus serotypes belonging to subgroup D or subgroup F were capable of efficiently transducing CAR 
negative target cells. 

[0013] Adenovirus 2 and 5 belong to adenovirus subgroup C. Together with the adenoviruses of subgroups A, D-F, 
the subgroup C adenoviruses were before the present invention thought to attach to ceils via the Coxsacki adenovirus 
receptor (CAR) (Roelvink et al, 1998). 
15 [0014] It has been shown that adenoviruses of subgroup B such as Ad3 bind to a different receptor than CAR (Defer 
et al, 1990). Likewise, it was demonstrated that receptor specificity could be altered by exchanging the Ad3 with the 
Ad 5 knob protein, and vice versa (Krasnykh et al, 1996; Stevenson et al, 1995, 1997). 

[0015] A host cell may be any host cell as long at it comprises a binding site and/or a receptor present on CAR- 
negative cells, said binding site and/or receptor being a binding site and/or a receptor for adenovirus subgroups D and/ 
20 or F. Preferably, said cell is a human cell. Said cell may be a cell present in a culture dish or be part of a whole organism. 
[0016] Preferably said CAR-negative cells are hemopoietic cells or amniotic fluid cells or derivatives thereof. Pref- 
erably, said CAR-negative hemopoietic cells are K562 cells. Preferably, said CAR-negative amniotic fluid cells are 
amniotic villi or chorion villi cells or derivatives thereof. 

[0017] A gene delivery vehicle according to the invention may be any vehicle capable of transferring nucleic acid 
25 into cells. Preferably, said gene delivery vehicle is a viral vector particle, more preferably said gene delivery vehicle is 
an adenoviral vector particle. The word gene in the term gene delivery vehicle does not reflect a situation wherein 
always an entire gene is delivered by said vehicle. The word gene in this respect merely reflects the presence of a 
nucleic acid of interest. Said nucleic acid may comprise an entire gene, an artificial sequence, a recombinant nucleic 
acid, a protein coding domain, a cDNA, a sequence coding for anti-sense RNA, mRNA and/or other kind of nucleic acid. 
30 [0018] Suitable adenovirus material may comprise an adenovirus capsid or a functional part, derivative and/or ana- 
logue thereof. Said adenovirus capsid preferably comprises an adenovirus subgroup D or subgroup F capsid, or a 
functional part, derivative and/or analogue thereof. Said adenovirus capsid may also be a chimaeric capsid comprising 
proteins or parts thereof from at least two different adenovirus serotypes or derivatives and/or analogues thereof. 
Preferably, at least part of a fiber protein of said chimaeric capsid is derived from an adenovirus of subgroup D and/or 
35 subgroup F or a functional derivative and/or analogue thereof. Preferably, capsid proteins other then said part of a fiber 
protein, are derived from an adenovirus of subgroup C, preferably of adenovirus 5 or adenovirus 2. Suitable derivatives 
of said adenovirus capsids may, among other, be obtained through so-called silent amino-acid substitution in one or 
more capsid proteins. 

[0019] Preferably, said adenovirus material comprises at least part of an adenovirus fiber protein. Preferably, said 
40 adenovirus fiber protein is derived from an adenovirus of subgroup D or subgroup F or a functional part, derivative 
and/or analogue thereof. Preferably, said part of a fiber protein is a part involved in binding to a receptor and/or a 
binding site on a target cell. Typically, but not necessarily said part of an adenovirus fiber protein involved in binding 
to a receptor and/or a binding site on a target cell is a part of the knob. Adenovirus fiber protein comprises at least 
three functional regions. One region, the base, is responsible for anchoring the fiber to a penton base of the adenovirus 
45 capsid. Another region, the knob, is typically associated with receptor recognition whereas the shaft region functions 
as a spacer separating the base from the knob. Various regions may also have other functions. For instance, the shaft 
is presumably also involved in target cell specificity. Each of the regions mentioned above may be used to define a 
part of a fiber. However, regions of a fiber may also be identified in another way. For instance the knob region comprises 
of a receptor binding region and a shaft binding region. The base region comprises of a penton base binding region 
50 and a shaft binding region. Moreover, the shaft comprises of repeated stretches of amino acids. Each of these repeated 
stretches may be a part. 

A receptor and/or binding site binding part of a fiber protein may be a single region of a fiber protein or a functional 
part thereof, or a combination of regions or parts thereof of at least one fiber protein, wherein said receptor and/or 
binding site binding part of a fiber protein, either alone or in combination with one or more other proteins of a adenovirus 
55 . capsid, determines the efficiency with which a gene delivery vehicle can transduce a given ceil or cell type, preferably 
but not necessarily in a positive way. Needless to say that said fiber and/or a capsid may comprise further modifications 
to adapt the fiber protein and/or the capsid to specific other needs, which a person skilled in the art will be capable of 
doing. 
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(00201 A receptor and/or a b indin g site for adenovirus ^^^^^^^^ 
of associating with an adenovirus of subgroup an ^ r JV"!*™^ and^or F prodded to said cell. Said receptor and/or 
site must be able to associate with sa.d adenovirus of subgroup D andto r F pro ^ ^ need 

binding site may be part of a complex present in and/or on said eel Sa id rccep or a 9 ^ ^ some 

site for adenovirus subgroups D and/or F. comprising a nucleic acid of interest 

[0021] I" another aspectthe invent,on provide^ £ sub D and/orF 

and comprising adenoviral material involved in binding to a host cell 9 g ^ pathway 

adenovirus, in delivering said nucleic acid of interes to approach this novel pathway also through 

for the transduction of cells using adenov.rus matenal .t be ^?^~^ med in tne art recognises this and will 
other means then said material derivec .from a : subgroup ^™^J%£. directed toward a crucial com- 
be able to devise means to accomplish this for instance througr line ^ ^ scQpe 
ponent of said pathway, together with a membrane fusion peptide. Such means 

of the invention. ^b.,-™ vphicle beina a chimaera based on at least two 

[0022] in another aspect the invention prov-des a gene dehv ^ J^'^!^^^ b ase d on adenoviral material from 
adenoviruses, whereby a cell recognising element of said ^^^^^i^a^ cells. 
a subgroup D and/or F adenovirus, which P^s <**^™> ° ^ 

[0023] Preferably, said adenoviral material is based on the tioer. pemon c 

or subgroup F adenovirus. . h e been proposed which in total encompasses 51 

[0024] To date, six different subgroups of ^^T^^^J^ distinctiveness as determined 
distinct adenovirus serotypes. A serotype is defined ^on the tas s of ite ^ J Mn d of cross . 

by quantitative neutralisation with animal 

reaction between two viruses, distinctiveness ^^^^^o^iS^dn^ differences in DNA 
by lack of cross-reaction on r^^^lL for the first time from HIV-infected 
exist (Francki et al. 1991). The n.ne serotypes .dent,fied last (42 mQSt of sucn im mune<ompro- 

patients (Hierholzer et al 1988; Schnurr et al 1993j. ^"J^JaS from immune^ompetent individuals (Hierholzer 

ising antibody responses. Thus preferably, a gene ^^!^tSS avoiding an immune response against 
adenovirus 35 or a functional equivalent thereof . "^^^SSS^ the purpose of the present invention 
adenovirus 35. Afunctional equivalent/homologue of ataMU .36 (eta ° P J |ess than about 10K 0 f the 
is an adenovirus (element) which, like adenovrus ; 35 ^^^SSSSSL for the first time, or which is 
hosts, at least in a significant geographic region ti { * e ^'"^ZxaeZiMc region of the world, to which it is 
capable in more than about 90% of the hosts, at ^"-VJ^ESJS adenoviruses are adenovirus se- 
administered to avoid or diminish the immune response. Typical examples 

rotypes 34, 26 and 48. . lnven « on comprises an element of adenovirus 

[0026] In another embodiment a gene delivery vehicle according totoe nventar c*mp 
; 6 or a functional equivalent thereof, which element confers said wus « th , a «J»nc p y _ g ^ 

muscle cells and/or synoviocytes. A functi onal *^«Z£^ZZ^ £ of a fiber protein. Typically. 

^Z^^^^^^^^ — 2 " — effiCienCY ° f 
, ForGenernerapeuficpurposesonetypicanyd^ 

el. which contains replication competent adenovirus, I^^^JSm encoding the virus and to supp.y 
to omit a number of genes (but at least one) from the ad enov ra genome on ™ Such g cel| „ usually called 

thesegenes in the genome ofthe cell in which the .veto. ^°£^tToZZ an adenovirus according to the 
a packaging cell. The invention thus also provides a P^^^So^S present on the adenoviral vector 
5 invention, comprising in trans, all elements nece ^J^^^S^ to one another in that they have all 
according to the invention. Typically vector and ^^^^^^6 to replication competent virus by 
the necessary elements, but that they do not ^^^^^SS^ PE R.C6 (ECCAC deposit number 
recombination. In a preferred embodiment said packag.ng cell is. or is denveo ir 
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96022940). 

[0028] In another embodiment, a gene delivery vehicle according to the invention comprises an adenovirus vector. 
Said adenovirus vector may be a classical adenovirus vector, a minimal adenovirus vector or an integrating adenovirus 
such as an Ad/AAV chimaeric vector, a retro-adenovirus or a transposon-adenovirus or yet another different kind of 

5 adenovirus vector. With an integrating adenovirus vector for the purpose of the invention is meant a vector comprising 
nucleic acid derived from an adenovirus and further comprising means for the integration of at least part of the nucleic 
acid of said vector into the host cell genome. Said means are preferably derived from a nucleic acid with the inherent 
capacity to integrate into the host cell genome. Such nucleic acid with the inherent capacity to integrate into the host 
cell genome may derived from a transposon or transposon-like element, a retrovirus and/or an adeno-associated virus 

10 or a different virus with the capacity to integrate nucleic acid into the host cell genome. 

[0029] In a preferred embodiment said adenovirus vector comprises nucleic acid encoding at least a receptor and/ 
or binding site determining part of a fiber protein of an adenovirus of subgroup D or subgroup F. In a preferred embod- 
iment the invention provides a method for producing said adenovirus vector, comprising welding together, preferably 
through homologous recombination, two nucleic acid molecules comprising partially overlapping sequences wherein 

15 said overlapping sequences allow essentially only one homologous recombination which leads to the generation of a 
physically linked nucleic acid comprising at least two functional adenovirus inverted terminal repeats, a functional 
encapsulation signal and a nucleic acid of interest or functional parts, derivatives and/or analogues thereof. In a pre- 
ferred embodiment at least one of said at least two nucleic acid molecules comprises nucleic acid encoding at least a 
receptor and/or binding site determining part of a fiber protein of an adenovirus of subgroup D or subgroup F. An 

20 important aspect in this embodiment of the invention is that said partially overlapping sequences allow essentially only 
homologous recombination leading to the generation of a functional adenovirus vector capable of being replicated and 
packaged into adenovirus particles in the presence of the required transacting functions. With essentially only one is 
meant that said overlapping sequences in each nucleic acid comprise essentially only one continuous sequence where- 
in homologous recombination leading to the generation of a functional adenovirus may occur. Within said continuous 

25 sequence the actual number of homologous recombination events may be higher than one. Non continuous overlapping 
sequences are not desired because they reduce the reliability of said method. Non continuous overlapping sequences 
are also not desired because they reduce the overall efficiency of said method, presumably due to the generation of 
undesired homologous recombination products. 

[0030] A preferred embodiment of the invention provides a method for generating an adenovirus vector wherein both 
30 of said nucleic acid molecules comprise only one adenovirus inverted terminal repeat or a functional part, derivative 
and/or analogue thereof. In one aspect one or both of said two nucleic acid molecules have undergone modifications 
prior to said welding together. Said modification may include the welding together of different nucleic acid molecules 
leading to the generation of one or both of said two nucleic acid molecules. In a preferred embodiment said different 
nucleic acids are welded together through homologous recombination of partially overlapping sequences. In a further 
35 aspect said welding together is performed in a cell or a functional part, derivative and/or analogue thereof. Preferably 
said cell is a mammalian cell. More preferably, said welding together is performed in a ceil expressing E1 -region en- 
coded proteins. Preferably said cell is a PER.C6 cell (ECACC deposit number 96022940) or a derivative thereof. In a 
preferred embodiment said nucleic acid molecules are not capable of replicating in said mammalian cell prior to said 
welding together. Said replication is undesired since it reduces the reliability of the methods of the invention presumably 
*o through providing additional targets for undesired homologous recombination. Said replication is also not desired be- 
cause it reduces the efficiency of the methods of the invention presumably because said replication competes for 
substrate or adenovirus transacting functions with the replication of said adenovirus vector. 

[0031] In a preferred embodiment, one of said nucleic acid molecules is relatively small and the other is relatively 
large. This configuration is advantageous because it allows easy manipulation of said relatively small nucleic acid 

45 molecule allowing for example the generation of a large number of small nucleic acid molecules comprising different 
nucleic acid of interest for instance for the generation of an adenovirus vector library. Said configuration is also desired 
because it allows the production of a large batch of quality tested large nucleic acid molecule. The amplification of 
large nucleic acid molecules for instance in bacteria is difficult in terms of obtaining sufficient amounts of said large 
nucleic acid. The amplification of large nucleic acid molecules for instance in bacteria is also difficult to control because 

50 a small modification of said large nucleic acid is not easily detected. Moreover, for reasons not quite understood some 
large vectors are more stable in bacteria or yeasts than others. Said configuration however, allows the generation of 
a standard batch of a large nucleic acid molecule which can be thoroughly tested, for instance through generating a 
control adenovirus of which the efficiency and the reliability of production is known, and determining said parameters 
of a new batch of large nucleic acid molecule. Once validated said batch may be used for the generation of a large 

55 . number of different adenovirus vectors through combining said large molecule with a large number of different small 
nucleic acid molecules. Said system therefore also allows for the selection and/or manipulation of vectors comprising 
a large nucleic acid molecule of the invention to allow a suitable yield of intact large nucleic acid. 
[0032] In another embodiment said cell comprising nucleic acid encoding E1 -region proteins further comprises a 
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nudeic add encoding an adenovirus E2-region and/or an adenovirus E4-region ^^^'f^^ 
comprising nucleic acid encoding an adenovirus E2-region and/or an adenov.rus E4-reg.on prote.n is a derivative of 

ESS 8 " in another aspect the invention provides a receptor and/or a binding site for adenoviruses type D and/orl F 
5 present on or associated with CAR negative cells. Preferably said receptor and/or a b.ndmg site ,s present on K562 
cells, amniotic fluid derived cells and/or primary fibroblast cells. a H„nn V in. se s tvoe 

[0034] In yet another aspect, the invention provides the use of receptor and/or a binding s.te for adenovruses type 
D and/or F oresent in and/or on a cell, for the delivery nucleic acid to said cell. 

5ST «n yeTanother embodiment the invention provides the use of a gene delivery vehicle according to anyone of 

" foS 1 In^S^^nve^n provides a capsid protein derived from a subgroup D and/or a subgroup F 
Ldenovirus or a functional part, derivative and/or analogue thereof. Preferably, said protein is a fiber prote.n. The 
SUSStSir provides a 'nucleic acid encoding a capsid protein of the invention. Preferably, sa.d nucleic acd com- 
prises a fiber sequence from a subgroup D and/or a subgroup F as dep.cted in figure 7. 

15 

Detailed description. 

[0037] It has been demonstrated in mice that upon in vivo systemic delivery of ^J^^ 
or oene therapy purposes approximately 99% of the virus is trapped in the liver (Herz et al, 1 993). The ret tore, al ierafion 
20 of thT^e^ se^yp. 5 host cell range to be able to target other organs in vivo is a major .nterest of Ihe nventoru 
?00381 1 The initial step for successful infection is binding of adenovirus to its target cell, a proce ss ; generally hought 
obeLdlate'SlThflb^ 

2Z! S Zs serotype (Signas et al 1985; Kidd et all 1993). Different serotypes have polypeptides with 
structuSy dm lar N and C termini but different middle stem regions. N-terminally, the first 30 amino aods are involved 

25 Shorin oi he fiber to the penton base (Chroboczek et al, 1995), especially the conserved FNPVYP reg.on n Je 
airS e al 1997). The C terminus, or knob, is generally thought to be responsible for initial 
5J adenovirus receptor. After this initial binding secondary binding between the capsid penton base and ceH- 
Z£ fnte nns is proposed to lead to internalisation of viral particles in coated pits and endocytosis (Morgan et al. 
1 Q.R9- Svensson et al 1 984- Varga et al. 1 992; Greber et al, 1 993; Wickham et al, 1 994). 

30 00391 mS" Tare ap-heterodimers of which at least 14 a-subunits and 8 p-subunits have been identified (Hynes 
W«rSr-S oLegrins expressed in cells is complex and will vary between cell types and cellular environ- 
ment AUhough the knob contains some conserved regions, between serotypes, knob proteins show a £J degree of 
vTnabS ^ indicating that different adenovirus receptors might exist. For instance, it has been dem ^' ra *^ 
novfru es o" subgroup C (Ad2, Ad5) and adenoviruses of subgroup B (Ad3) bind to different receptors (Defner e J 

35 99oT5 X baculoviL produced soluble CAR as well as adenovirus serotype 6 I no ' 

concluded via interference studies that all adenovirus serotypes, except serotypes of subgroup B, enter cells via CAR 
STe latter, which is now generally accepted in the field, if valid should thus hmrt the comp.ex.ty 

Sf SaSSK SgTfiber protein also contains the type spec^gen J* £ 

40 etne wifh the e-antigen of the hexon determines the serotype specificity. The r ant,gen .s 

ft is known that it consists of 17 amino acids (Eiz et al. 1997). The anti-fiber ant.bod.es of the host are therefore directed 
o the trimeric structure of the knob. To obtain re-directed infection of recombinant adenov.rus serotype 5, several 
aoioachTs have bee or still are under investigation. Wickham et al has altered the RGD (Arg, Gly, Asp) motrf ,n the 
pen on base whic Hs Sieved to be responsible for the aJh ™« "Sfc ^grin binding to the penton base. They have 

45 reDl^ced thts RGD motif by another peptide motif which is specific for the <x 4Pl receptor. In th.s way targeting the 
aTe^toXdrtarget cell could be accomplished (Wickham et al, 1995. 1996). Krasnykh et al has made use 
o?the HUoop available in the knob. This loop is. based on X-ray crystallographies, located on the oute.de of the ^knob 
Jrimeric structure and therefore is thought not to contribute to the intramolecular interactions .n the knob (Krasnykh et 
1Q98^ However complete CAR independent infection was not observed. 

so Soli] ItSob ec? 0 f the present invention to provide a method and means by which an adenovirus can infect cells 
Sve fo Z CAR protein Therefore, the generation of chimaeric adenoviruses based on adenovirus serotype 5 
21 modffied fiber gene is described. For this purpose, two or three plasmids. which together contam the complete 
TaenovTms serotype 5 genome, were constructed. From a plasmid the DNA encoding the adenovirus serotype 5 fiber 
dS was eisentfany removed and replaced by linker DNA sequences which facilitate easy clon.ng. Th.s plasm.d 

55 template for the insertion of DNA encoding for fiber protein derived from d.fferent ade.ov.rus 

serotvees (human or animal). The DMAs derived from the different serotypes were obta.ned us.ng the polymerase 

: in combination with (degenerate) oligonucleotides. At the former El loca^on ,n tije genome 
of adenovirus serotype 5, any gene of interest can be cloned. A single transfection procedure of the two or three 
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plasmids together resulted in the formation of a recombinant chimaeric adenovirus. Although successful introduction 
of changes in the adenovirus serotype 5 fiber and penton-base have been reported, the complex structure of knob and 
the limited knowledge of the precise amino acids interacting with CAR render such targeting approaches laborious and 
difficult. To overcome the limitations described above we used pre-existing adenovirus fibers to maximise the chance 
5 of obtaining recombinant adenovirus which can normally assemble in the nucleus of a producer cell and which can be 
produced on pre-existing packaging cells. By generating a chimaeric adenovirus serotype 5 based fiber library con- 
taining fiber proteins of all other human adenovirus serotypes, we have developed a technology which enables rapid 
screening for a recombinant adenoviral vector with preferred infection characteristics. 

[0042] In one aspect this invention describes chimaeric adenoviruses and methods to generate these viruses that 
10 have an tropism different from that of adenovirus serotype 5. This chimaeric adenovirus serotype 5 is able to infect 
cell types which do not express the CAR protein much more efficiently both in vitro and in vivo than the adenovirus 
serotype 5. Such cells include but are not limited to endothelial cells, smooth muscle cells, dendritic cells, neuronal 
cells, glial cells, synovical cells, primary fibroblasts, cells from the amniotic fluid, hemopoietic stem cells, and monocytic/ 
macrophage cells etc. 

15 [0043] In another aspect the invention describes the construction and use of plasmids consisting of distinct parts of 
adenovirus serotype 5 in which the gene encoding for fiber protein has been replaced with DNA derived from alternative 
human or animal. serotypes. This set of constructs, in total encompassing the complete adenovirus genome, allows 
for the construction of unique chimaeric adenoviruses customised for transduction of particular cell types or organ(s). 
[0044] In all aspects of the invention the chimaeric adenoviruses may, or may not, contain deletions in the E1 region 

20 and insertions of heterologous genes linked either or not to a promoter. Furthermore, chimaeric adenoviruses may, or 
may not, contain deletions in the E3 region and insertions of heterologous genes linked to a promoter. Furthermore, 
chimaeric adenoviruses may, or may not, contain deletions in the E2 and/ or E4 region and insertions of heterologous 
genes linked to a promoter. In the latter case E2 and/ or E4 complementing cell lines are required to generated recom- 
binant adenoviruses. 

25 

Example 1: Generation of adenovirus serotype 5 genomic plasmid clones 

. [0045] The complete genome of adenovirus serotype 5 has been cloned into various plasmids or cosmids to allow 
easy modification of parts of the adenovirus serotype 5 genome, while still retaining the capability to produce recom- 
30 binant virus. For this purpose the following plasmids were generated: 

1. pBr/Ad.Bam-rlTR (ECACC deposit P97082122) 

[0046] In order to facilitate blunt end cloning of the ITR sequences, wild-type human adenovirus type 5 (Ad5) DNA 
35 was treated with Klenow enzyme in the presence of excess dNTPs. After inactivation of the Klenow enzyme and 
purification by phenol/chloroform extraction followed by ethanol precipitation, the DNA was digested with BamHI. This 
DNA preparation was used without further purification in a ligation reaction with pBr322 derived vector DNA prepared 
as follows: pBr322 DNA was digested with EcoRV and BamHI, dephosphorylated by treatment with TSAP enzyme 
(Life Technologies) and purified on LMP agarose gel (SeaPlaque GTG). After transformation into competent E.cofi 
40 DH5a (Life Techn.) and analysis of ampiciJIine resistant colonies, one clone was selected that showed a digestion 
pattern as expected for an insert extending from the BamHI site in Ad5 to the right ITR. 

Sequence analysis of the cloning border at the right ITR revealed that the most 3' G residue of the ITR was missing, 
the remainder of the ITR was found to be correct. Said missing G residue is complemented by the other ITR during 
replication. 

45 

2. pBr/Ad.Sal-rlTR (ECACC deposit P97Q82119) 

[0047] pBr/Ad.Bam-rlTR was digested with BamHI and Sail. The vector fragment including the adenovirus insert 
was isolated in LMP agarose (SeaPlaque GTG) and ligated to a 4.8 kb Sall-BamHI fragment obtained from wt Ad5 
50 DNA and purified with the Geneclean II kit (Bio 101 , Inc.). One clone was chosen and the integrity of the Ad5 sequences 
was determined by restriction enzyme analysis. Clone pBr/Ad.Sal-rlTR contains adeno type 5 sequences from the Sail 
site at bp 16746 up to and including the rITR (missing the most 3' G residue). 

3. pBr/Ad.Cla-Bam (ECACC deposit P97082117) 

55 

[0048] wt Adeno type 5 DNA was digested with Clal and BamHI, and the 20.6 kb fragment was isolated from gel by 
electro-elution. pBr322 was digested with the same enzymes and purified from agarose gel by Geneclean. Both frag- 
ments were ligated and transformed into competent DH5a. The resulting clone pBr/Ad.Cla-Bam was analysed by re- 
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striction enzyme digestion and shown to contain an insert with adenovirus sequences from bp 919 to 21566. 
4. pBr/Ad.Aflll-Bam (ECACC deposit P97082114) 

[0049] Clone pBr/Ad.Cla-Bam was linearised with EcoR. (in pBr322) and partially 

ctivation of Mil? for 20' at 65»C the fragment ends were fi' led '^^ This Se was m de 

blunt double stranded oligo linker containing a Pad site (^MTTGTCITA^^CCGCTTAA-3 ^' Th '™^^ 

by annealing the following two oligonucleotides: ^"^^^^^^^^^^^^^^^f^^^^ajf^^^^^ 
y, followed by blunting with Klenow enzyme. After precipitation of the hga ted DNA to . ^« Jj^j 
digested with an excess Pad enzyme to remove concatameres of the ol.go. The 22 0 6 bp >^*££"^ 
Arts seauences from bo 3534 up to 21566 and the vector sequences, was .solated m LMP agarose (SeaPlaque GTC) 
%££ZE£^ competent DH5a. One done that was found to contain the Pad site and thai had retained 
Sarge adeno fragment was selected and sequenced at the 5" end to verify corred ,nsert,on of the Pad l.nker ,n the 
(lost) Aflll site. 

5 pRr/Ad.Bam-rlTRpac*? ^ACC deposit P97 0821203 »nd pBr/Ad.Sam-rlTR#B fFCACC deposit P97082121 

(00501 To allow insertion of a Pad site near the ITR of Ad5 in clone pBr/Ad.Bam-rlTR about 190 nucleotides were 
SS-^ESi. in the P Br322 backbone and the start of the ITR sequences. TMd» as o.lowj 
p B 7d Bam-r.TR was digested with Clal and treated with nuclease Bal31 for varying lengt h of ^ , « a d 
?5'). The extent of nucleotide removal was followed by separate reactions on P Br322 DNA (ate > d ^ted «t ^ Oal 
site), using identical buffers and conditions. Bal31 enzyme was .nacbvated by incubation at 75 C for 10 ^ajhe 
DNA was precipitated and resuspended in a smaller volume of TE buffer. To ensure Hun S?Sh 
treated with T4 DNA polymerase in the presence of excess dNTPs. After digestion o ft. (control) P Br32 2 DNA £h 

Z^ZSSZ*, digested with excess Pad an* separated ^^^ZZSZ^ 
relioatton DNAs were transformed into competent DH5a and colonies analysed. Ten clones were selec tea tna t snowea 
TSEZ of approximately the desired length and these were further analysed by T-track 

kit Phalacia Biotech). Two clones were found with the Pad linker inserted ,ust downstream of the rITR. After digestion 
with Pad, done #2 has 28 bp and done #8 has 27 bp attached to the ITR. 

pWE/Ad.Aflll-rlTR (ECACC deposit P97082116) 

r0051l Cosmid vector pWE15 (Clontech) was used to done larger Ad5 inserts. First, a linker containing a unique 

n ph ^^T^S^ene) according to the manufacturers ^^^^JE 
colonies were grown on plates and analysed for presence of the complete .nsert. pWBAd.Aflll-rlTR contains an aae 
Ss tyTe 5 sequences from bp 3534 (At... site) up to and including the right .TR (m,ss,ng the most 3 G residue). 

P Br/Ad.llTR-Sal(9.4> (ECACC deposit P97082115) 

f00521 Adeno 5 wt DNA was treated with Klenow enzyme in the presence of excess dNTPs and subsequently di- 
es e with Sail Two o/the resulting fragments, designated left .TR-Sa.(9.4) ^^2X^Z£% 
were isolated in LMP agarose (Seaplaque GTG). P Br322 DNA was digested w,th EcoW aj^Sa » lc . ? 0 "n C ) and 
nhnsnhatase (Life Technologies). The vector fragment was isolated using the Geneclean method (BIO 101 , Inc.) ana 

Sail site at bp 9462. 

P Br/Ad.llTR-Sal(16.7> (ECAH C deposit P97082118) 

(00531 oBrfAd IITR-Sal(9 4) is digested with Sail and dephosphorylated (TSAP, Life Technologies). To extent I this 
l ! n t Z ihird SalTsite in Ad5 pBr/Ad Cla-Bam was linearised with BamHI and partially digested with Sail. A 7.3 

^ta^S^ii-^^ *"» 9462 " 16746 waS iS0,at6d in LMP a93rOSe 961 ,i9ated l ° 
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the Sall-digested pBr/Ad.HTR-Sal (9.4) vector fragment. 
pWE/Ad.Aflll-EcoRI 

5 [0054] pWE.pac was digested with Clal and 5' protruding ends were filled using Klenow enzyme. The DNA was then 
digested with Pad and isolated from agarose gel. pWE/Aflll-rlTR was digested with EcoRI and after treatment with 
Klenow enzyme digested with Pad. The large 24 kb fragment containing the adenoviral sequences was isolated from 
agarose gel and ligated to the Cla Indigested and blunted pWE.pac vector using the Ligation Express™ kit from Clontech. 
After transformation of Ultracompetent XL10-Gold cells from Stratagene, clones were identified that contained the 

10 expected insert. pWE/Aflll-EcoRI contains Ad5 sequences from bp 3534-27336. 

Construction of new adapter plasmids 

[0055] The absence of sequence overlap between the recombinant adenovirus and E1 sequences in the packaging 

15 cell line is essential for safe, RCA-free generation and propagation of new recombinant viruses. The adapter plasmid 
pMLPl.TK (figure. 1) is an example of an adapter plasmid designed for use according to the invention in combination 
with the improved packaging cell lines of the invention. This plasmid was used as the starting material to make a new 
vector in which nucleic acid molecules comprising specific promoter and gene sequences can be easily exchanged. 
[0056] First, a PCR fragment was generated from pZipAMo+PyF101(N') template DNA (described in PCT/ 

20 NL96/001 95) with the following primers: LTR-1 : 5*-CTG TAC GTA CCA GTG CAC TGG CCT AGG CAT GGA AAA ATA 
CAT AAC TG-3' and LTR-2: 5'-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC GTT AAC CGG 
GCG ACT CAG TCA ATC G-3\ Pwo DNA polymerase (Boehringer Mannheim) was used according to manufacturers 
protocol with the following temperature cycles: once 5' at 95°C; 3' at 55°C; and Y at 72°C, and 30 cycles of Y at 95°C, 
Y at 60°C, 1* at 72°C, followed by once 10' at 72°C. The PCR product was then digested with BamHI and ligated into 

25 pMLP10 (Levrero et a/., 1991) vector digested with Pvull and BamHI, thereby generating vector pLTRIO. This vector 
contains adenoviral sequences from bp 1 up to bp 454 followed by a promoter consisting of a part of the Mo-MuLV 
LTR having its wild-type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyF101). The 
promoter fragment was designated L420. Next, the coding region of the murine HSA gene was inserted. pLTRIO was 
digested with BstBI followed by Klenow treatment and digestion with Ncol. The HSA gene was obtained by PCR am- 

30 plification on pUC18-HSA (Kay et al., 1990) using the following primers: HSA1, 5-GCG CCA CCA TGG GCA GAG 
CGA TGG TGG C-3' and HSA2, 5-GTT AGA TCT AAG CTT GTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG 
AA-3*. The 269 bp amplified fragment was subcloned in a shuttle vector using the Ncol and Bglll sites. Sequencing 
confirmed incorporation of the correct coding sequence of the HSA gene, but with an extra TAG insertion diredly 
following the TAG stop codon. The coding region of the HSA gene, including the TAG duplication was then excised as 

35 a Ncol (sticky )-Sall (blunt) fragment and cloned into the 3.5 kb Ncol(sticky)/BstBI(blunt) fragment from pLTR1 0, result- 
ing in pl_TR-HSA1 0. 

Finally, pLTR-HSA1 0 was digested with EcoRI and BamHI after which the fragment containing the left ITR, packaging 
signal, L420 promoter and HSA gene was inserted into vector pMLPl.TK digested with the same enzymes and thereby 
replacing the promoter and gene sequences. This resulted in the new adapter plasmid pAd/L420-HSA (figure. 2) that 

^0 contains convenient recognition sites for various restriction enzymes around the promoter and gene sequences. SnaBI 
and Avrll can be combined with Hpal, Nhel, Kpnl, Hindlll to exchange promoter sequences, while the latter sites can 
be combined with the Clal or BamHI sites 3' from HSA coding region to replace genes in this construd. 
Another adapter plasmid that was designed to allow easy exchange of nucleic acid molecules was made by replacing 
the promoter, gene and poly A sequences in pAd/L420-HSA with the CMV promoter, a multiple cloning site, an intron 

45 . and a poly-A signal. For this purpose, pAd/L420-HSA was digested with Avrll and Bglll followed by treatment with 
Klenow to obtain blunt ends. The 5.1 kb fragment with pBr322 vector and adenoviral sequences was isolated and 
ligated to a blunt 1570 bp fragment from pcDNA1/amp (Invitrogen) obtained by digestion with Hhal and Avrll followed 
by treatment with T4 DNA polymerase. This adapter plasmid was named pCLIP (figure. 3). 

50 Generation of recombinant adenoviruses 

[0057] To generate E1 deleted recombinant adenoviruses with the new plasmid-based system, the following con- 
structs are prepared: 

55 . a) An adapter construd containing the expression cassette with the gene of interest linearised with a restriction 
enzyme that cuts at the 3' side of the overlapping adenoviral genome fragment, preferably not containing any 
pBr322 vector sequences, and 

b) A complementing adenoviral genome construct pWE/Ad.Aflll-rlTR digested with Pad. 
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These two DNA molecules are further purified by phenol/ chloroform extradion and BOH ^^^^^ 
of these plasmids into an adenovirus packaging cell line, preferably a cell l.ne ^^^T^^Z 
recombinant replication deficient adenoviruses by a one-step homologous recombination between the adapter and 

complementing construct (figure. 4) . ■ nnr/AH r . a Rflm Hj aG sted with EcoRI 

Alternatively, in stead of pWE/Ad.Aflll-rlTR other fragments can be used, e.g pMjW" d SmdtawWwS 
and BamHI or pBr/Ad.Afl.l-BamHI digested with Pad and BamHI can be combined ^^'^Jf^ 
<; fl n m this case three olasmids are combined and two homologous recombinations are needed to obtain a recom 

to be understood that those skilled in the art ^^^SS ZSZ 
and comDlementing plasmids without departing from the present invention. A general protocol as outlined Deiow am 
meaZs'a no X example of the present invention has been performed to P*— J ^ 

aS™) as described b/the — JlSS^tS 
olasmid and 4 ug of the complementing adenovirus genome fragment Aflll- rITR (or 2 ug of all I tnre « > pias rnios o 
l»,ogous recombination) are used. Under these conditions transient cienaes o 5^ 4 8 

hrs oost transfection) are obtained as determined with control transfections using a pAd/CMV-LacZ adapter. Two aays 
LTe^i ifarfpassaged to ~ 80 cm* flasks and further cultured. Approximately five (for the single homologous recom- 
btaiio^ to Seven d^s for the double homologous recombination) later a cytopathogenic effect (CPE) is seen «*■ 
S^lSSTSl^ has formed. Cells and medium are harvested upon full CPE and virus 
T2!SXTee,e^ g . An extra amplification step in an 80 cm* flask is ^^^SSSZ 
vield since at the initial stage the titers are found to be variable despite the occurrence of full CPE. After .<W»Mn. 
vimses aTe harvested and plaque purified on PER.C6 cells. Individual plaques are tested for viruses with active trans- 

mosai Besides replacements in the E1 region it is possible to delete or replace (part of) the E3 region in me adenovirus 
Sse 5S£SE^£e»ary for the replication, packaging and infection of the (recombinant) virus This 

^^siss^^ * inseri ° r to insert m ° re than ° ne gene wi,hout *™ B ^tr* m ^z 

^SSSSSSi 105% of wt genome length). This can be done, e.g.. by deleting 

Ad Bam-rlTR clone by digestion with Xbal and religation. This removes Ad5 wt sequences 28 f^^^ d £J™ 
known E3 coding regions Another example is the precise replacement of the coding region of gp I9K m to E3 reg on 
S a polylinker allowing insertion of new sequences. This. 1) leaves all other ^^J"^^ 
the need for a heterologous promoter since the transgene is driven by the E3 promoter and pA sequences, leaving 

OCTCTA GTT GGA CTG G-3') were used on the same DNA to amplify Ad5 sequences from 29217 to 29476 The 
^o re^uloVcR fragments were ligated together by virtue of the new introduced Ncol site and subsequent digested 

fragment was then ligated into the pBS.Eco-Eco/ad5 AH.1. vector that was digested w^h Xbal 
T artSy and Mun generating P BS.Eco-Eco/ad5AH..I.Agp19K. To allow insertion of foreign genes nnto Hindi. «nd 
BamHI s te. an Xbal deletion was made in pBS.Eco-Eco/ad5AH....Ag P 19K to remove the Ba m site i ^^e Bluescnp 
nnMinkPr The resultina Dlasmid pBS.Eco-Eco/ad5AHIIIAgp19KAXbal. contains unique H.ndlll and BamHI sites cor 

Hind...) and 29218 (BamHI) in Ad5. After introduction of a 
sites eUher flie deleted Xbal fragment is re-introduced, or the insert is recloned into P BS.Eco-Ec^ad5AHIIt .Agp 19K 

fat'KS 

iSSSmi^m to produce recombinant adenoviruses. In the viral context, expression of inserted 

55" !M3^ XSSf- E3 deleted are generated by a double ~* recombi — ' 
procedure as described above for E1 -replacement vectors using a plasmid-based system consisting of. 

a) an adapter plasmid for E1 replacement according to the invention, with or without insertion of a first gene of 



interest, 

b) the pWE/Ad.Aflll-EcoRI fragment, and 
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c) the pBr/Ad.Bam-rlTRAgp19K plasmid with or without insertion of a second gene of interest. 

In addition to manipulations in the E3 region, changes of (parts of) the E4 region can be accomplished easily in pBr/ 
Ad.Bam-rlTR. Generation and propagation of such a virus, however, in some cases demands complementation in trans. 

5 

Example 2: Generation of adenovirus serotype 5 based viruses with chimaeric fiber proteins 

[0060] The method described infra to generate recombinant adenoviruses by co-transfection of two, or more separate 
cloned adenovirus sequences. One of these cloned adenovirus sequences was modified such that the adenovirus 
io serotype 5 fiber DNA was deleted and substituted for unique restriction sites thereby generating Itemplate clones! 
which allow for the easy introduction of DNA sequences encoding for fiber protein derived from other adenovirus se- 
rotypes. 

Generation of adenovirus template clones lacking DNA encoding for fiber 

15 

[0061] The fiber coding sequence of adenovirus serotype 5 is located between nucleotides 31042 and 32787. To 
remove the adenovirus serotype 5 DNA encoding fiber we started with construct pBr/Ad.Bam-rlTR. First a Ndel site 
was removed from this construct. For this purpose, pBr322 plasmid DNA was digested with Ndel after which protruding 
ends were filled using Klenow enzyme. This pBr322 plasmid was then re-Jigated, digested with Ndel and transformed 
20 into E.coli DH5a. The obtained pBr/ANdel plasmid was digested with Seal and Sail and the resulting 3198 bp vector 
fragment was ligated to the 15349 bp Seal-Sail fragment derived from pBr/Ad.BamrlTR, resulting in plasmid pBr/Ad. 
Bam-rlTRANdel which hence contained a unique Ndel site. Next a PCR was performed with oligonucleotides NY-up: 
5'- CGA CAT ATG TAG ATG CAT TAG TTT GTG TTA TGT TTC AAC GTG-3' 

And NY-down :5'-GG A GAC CAC TGC CAT GTT-3'(figure 6). During amplification, both a Ndel (bold face) and a Nsil 

25 restriction site (underlined) were introduced to facilitate cloning of the amplified fiber DNAs. Amplification consisted of 
25 cycles of each 45 sec. at 94°C, 1 min. at 60°C, and 45 sec. at 72°C. The PCR reaction contained 25 pmol of 
oligonucleotides NY-up or NY-down, 2mM dNTP, PCR buffer with 1 .5 mM MgCI 2 , and 1 unit of Elongase heat stable 
polymerase (Gibco, The Netherlands). One-tenth of the PCR product was run on an agarose gel which demonstrated 
that the expected DNA fragment of ± 2200 bp was amplified. This PCR fragment was subsequently purified using 

30 Geneclean kit system (Biol 01 Inc.). Then, both the construct pBr/Ad.Bam-rlTRANdel as well as the PCR product were 
digested with restriction enzymes Ndel and Sbfl. The PCR fragment was subsequently cloned using T4 ligase enzyme 
into the Ndel and Sbfl digested pBr/Ad. Bam-rlTRANdel, generating pBr/Ad.BamRAFib. This plasmid allows insertion 
of any PCR amplified fiber sequence through the unique Ndel and Nsil sites that are inserted in place of the removed 
fiber sequence. Viruses can be generated by a double homologous recombination in packaging cells described infra 

35 using an adapter plasmid, construct pBr/Ad.Aflll-EcoRI digested with Pad and EcoRI and a pBr/Ad.BamRAFib con- 
struct in which heterologous fiber sequences have been inserted. To increase the efficiency of virus generation, the 
construct pBr/Ad.BamRAFib was modified to generate a Pad site flanking the right ITR. Hereto, pBr/Ad.BamRAFib 
was digested. with Avrll and the 5 kb adeno fragment was isolated and introduced into the vector pBr/Ad.Bam-rlTR. 
pac#8 replacing the corresponding Avrll fragment. The resulting construct was named pBr/Ad.BamRAFib.pac. Once 

40 a heterologous fiber sequence is introduced in pBr/Ad.BamRAFib.pac, the fiber modified right hand adenovirus clone 
may be introduced into a large cosmid clone as described for pWE/Ad.Aflll-rlTR in example 1. Such a large cosmid 
clone allows generation of adenovirus by only one homologous recombination making the process extremely efficient. 

Amplification of fiber sequences from adenovirus serotypes 

45 

[0062] To enable amplification of the DNAs encoding fiber protein derived from alternative serotypes degenerate 
oligonucleotides were synthesised. For this purpose, first known DNA sequences encoding for fiber protein of alterna- 
tive serotypes were aligned to identify conserved regions in both the tail-region as well as the knob-region of the fiber 
protein. From the alignment, which contained the nucleotide sequence of 19 different serotypes representing all 6 

50 subgroups, (degenerate) oligonucleotides were synthesised (see table 2). Also shown in table 3 is the combination of 
oligonucleotides used to amplify the DNA encoding fiber protein of a specific serotype. The amplification reaction (50 
lil) contained 2 mM dNTPs, 25 pmol of each oligonucleotide, standard 1x PCR buffer, 1 ,5 mM MgCI 2 , and 1 Unit Pwo 
heat stable polymerase (Boehringer) per reaction. The cycler program contained 20 cycles, each consisting of 30 sec. 
94°C, 60 sec. 60-64°C, and 120 sec. At 72°C. One-tenth of the PCR product was run on an agarose gel which dem- 

55 . onstrated that a DNA fragment was amplified. Of each different template, two independent PCR reactions were per- 
formed after which the independent PCR fragments obtained were sequenced to determine the nucleotide sequence. 
From 11 different serotypes, the nucleotide sequence could be compared to sequences present in Genbank. Of all 
other serotypes, the DNA encoding fiber protein was previously unknown and was therefore aligned with known se- 
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quences from other subgroup members to determine homology i.e. sequence divergence. Of the 51 Ihumar .serotypes 
known to date, all fiber sequences, except for serotypes 1 , 6, and 26. have been amplified and sequenced. The prote.n 
sequences of the fiber from different adenovirus serotypes is given in figure 7. 

Generation of fiber chimaeric adenoviral DNA constructs 

10063] All amplified fiber DNAs as well as the vector (pBr/Ad.BamRA Fib) were digested with Ndel and Nsil The 

using the Geneclean kit (Bio101 Inc). The PCR fragments were then cloned .n o the Ndel and Ns I srtes ofpBr/Ad 
BamRAFib. thus generating P Br/AdBamRFibXX (where XX stands for ft. serotype J^*^* *J™ 
was isolated). So far the fiber sequence of serotypes 5/ 71 8/ 9/ 10/ 11/ 12/ 13/ 14/ 16/ 17 19/ 21/ 24/ 27/ f™'™ 
32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-U 41-S/ 42/45/ 47/ 49/ 51 have been cloned into pBr/AdBamRF.bXX From pBr/ 
AdBamS mZ* XX is 5/ 8/ 9/ 10/ 11/ 13/16/17/ 24/ 27/ 30/ 32/ 33/ 34/ 35/ 38/ 40-S/ 40-L/ 45/ 47 49/51) an 6 
kb Avrll fragment encompassing the fiber sequence was isolated via gelelectrophoresis and Geneclean. Th.s Avrll 
ra^Ssequenfy Coned in plasmid pBr/Ad.Bam-rlTR. P ac (see example 1 ) which was digested to «*Mn 
with Avrll and dephosphorylated as described previously, leading to the generation of ihe ptawnd P^ ^m-rim 
pacfibXX. This pLmid was subsequent.y used to generate a cosmid clone with a ^^^J^Si 
pWE.pac, pBr/Aflll-Bam and pBr/Ad.Bam-rlTR.pac.fibXX. This cosmid clomng , resulted I .n the formaton of construct 
pWE/Ad.Aflll-rlTR/FibXX (where XX stands for the serotype number of which the fiber DNA was isolated). 

Generation of P Ad5/L420.HSA, pAd5/Clip and pAd5/Clipsal 

t0064] pMLPI TK was used to make a new vector in which nucleic acid molecules comprising specific promoter and 
C ^gm^ template DNA ^ 

the following primers: LTR-1: 5'-CTG TAC GTA CCA GTG CAC TGG CCT^OTWMAJA SS^CToS 
and LTR-2 5'-GCG GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC GTT AAC CGG GCG ACT CAG 
TCA ATC G-3'. Pwo DNA polymerase (Boehringer Mannheim) was used according to manufacturers protocol' with , the 
following temperature cycles: once 5 at 95»C; 3' at 55°C; and V at 72°C, and 30 cycles of ™ J^jj 
72°C. followed by once 1 or at 72°C. The PCR product was then digested with BamHI **£^-^£Z^ 
et al.. 1991; Gene 101. 195-202) digested with Pvull and BamHI. thereby generating vector pLTRIO. Th * 
fains adenoviral sequences from bp 1 up to bp 454 followed by a promoter cons.st.ng of a part of toe i Mo^uLV LTR 
having its wild-type enhancer sequences replaced by the enhancer from a mutant polyoma virus (PyFIOI). The po- 
mSgment L designated L420. Sequencing confirmed correct amplification of the LTR fragment however the 
mos7o3es in the PCR fragment were missing so that the Pvull site was not restored. Next, the coding region of the 
Zne HsTgene wa S ins eL. P LTR10 was digested with BstBI followed by ^^^^^ 
Ncol. The HSA gene was obtained by PCR amplification on pUC1 8-HSA (Kay et al 1 990; J. '~'J 45 ' «J 
using the following primers: HSA1 . 5-GCG CCA CCA TGG GCA GAG CGA TGG TGG C-3 1 and HSA2 5 -GTT AGA 
TCT AAG CtTgTC GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG AA-3'. The 269 bp amplified fragment was 
LbclonedTn a shuttle vector using the Ncol and Bglll sites. Sequencing confirmed incorporation of the correct coding 
sequence onhe HSA gene, but with an extra TAG insertion directly following the TAG stop codon. The coding region 
oX hIa gene including the TAG duplication was then excised as a Nco.(sticky)-Sall(b.unt) fragment and cloned 
into the 3.5 kb Ncol(sticky)/BstBI(blunt) fragment from pLTRIO, resulting n P LT ™^' _ Dackaaina 

Finally DLTR-HSA10 was digested with EcoRI and BamHI after which the fragment contain.ng the left ITR, Packaging 

sSn 'Srf^ 

replacing the promoter and gene sequences. This resulted in the new adapter plasmid ^Ad5/L420-HSA th 
convenient recognition sites for various restriction enzymes around the promoter and gene sequences .SnaBI and 
Avrll can be combined with Hpal, Nhel. Kpnl, Hindlll to exchange promoter sequences while he latter sites can be 
combined with the Clal or BamHI sites 3' from HSA coding region to replace genes in th.s construct- 
[00651 Another adapter plasmid that was designed to allow easy exchange of nucle.c acd molecules was made by 

eplac no tJe promoter, gene and polyA sequences in P Ad5/L420-HSA with the CMV promoter, a mult.ple clon.ng s.te 

nSandapo;^ 

with Klenow to obtain blunt ends. The 5.1 kb fragment with P Br322 vector and adenoviral sequences was inotatod and 
toated to a blunt 1 570 bp fragment from pcDNA1/amp (Invitrogen) obtained by digests w.th Hhal and Avrll fo lowed 
by trea lnt with T4 DNA polymerase. This adapter plasmid was named pAd5/Clip. To enable remove of vector se- 
u nces from the adenoviral fragment P Ad5/C.ip was partially digested with EcoRI and the ^^S^!!!^ 
An oligo of the sequence 5' TTAAGTCGAC-3' was annealed to itself resulting ,n a linker wrth a SaH^ le , *nti EcoR 
overhang. The linker was ligated to the partially digested pAdS/Clip vector and clones were selected that had the l.nker 
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inserted in the EcoRI site 23 bp upstream of the left adenovirus ITR in pAd5/Clip resulting in pAd5/Clipsal. 

Generation of pAd5ClipLacZ, PAd5CHp.Luc t pAdSCIip.TK and pAdSCIipsal.Luc 

5 [0066] The adapter plasmid pAd5/Clip.LacZ was generated as follows: The E.coli LacZ gene was amplified from the 
plasmid pMLP.nlsLacZ (EP 95-202 21 3) by PCR with the primers 
S'GGGGTGGCCAGGGTACCTCTAGGCTTTTGCAA and 

5'GGGGGGATCCATAAACAAGTTCAGAATCC. The PCR reaction was performed Ex Taq (Takara) according to the 
suppliers protocol at the following amplification program: 5 minutes 94°C, 1 cycle; 45 seconds 94°C and 30 seconds 

10 60°C and 2 minutes 72°C, 5 cycles; 45 seconds 94°C and 30 seconds 65°C and 2 minutes 72°C, 25 cycles; 10 minutes 
72; 45 seconds 94°C and 30 seconds 60°C and 2 minutes 72°C, 5 cycles, I cycle. The PCR product was subsequently 
digested with Kpnl and BamHI and the digested DNA fragment was ligated into Kpnl/BamHI digested pcDNA3 (Invit- 
rogen), giving rise to pcDNA3.nlsLacZ. Next, the plasmid pAd5/Clip was digested with Spel. The large fragment con- 
taining part of the 5* part CM V promoter and the adenoviral sequences was isolated. The plasmid pcDNA3.nlsLacZ 

15 was digested with Spel and the fragment containing the S'part of the CMV promoter and the lacZ gene was isolated. 
Subsequently, the fragments were ligated, giving rise to pAd/Clip.LacZ. The reconstitution of the CMV promoter was 
confirmed by restriction digestion. 

[0067] The adapter plasmid pAd5/Clip.Luc was generated as follows: The plasmid pCMV.Luc (EP 95-202 213) was 
digested with Hindlll and BamHI. The DNA fragment containing the luciferase gene was isolated. The adapter plasmid 

20 pAd5/Clip was digested with Hindlll and BamHI, and the large fragment was isolated. Next, the isolated DNA fragments 
were ligated, giving rise to pAd5/CIip.Luc. The adapter pClipsal.Luc was generated in the same way but using the 
adapter pClipsal digested with Hill and BamHI as vector fragment. Likewise, the TK containing HIII-BamHI fragment 
from pCMV.TK (EP 95-202 21 3) was inserted in pClipsal to generate pAd5/Clip.TK. The presence of the Sail site just 
upstream of the left ITR enables liberation of vector sequences from the adeno insert. Removal of these vector se- 

25 quences enhances frequency of vector generation during homologous recombination in PER.C6. 

Generation of recombinant adenovirus chimaeric for fiber protein 

[0068] To generate recombinant Ad 5 virus carrying the fiber of serotype 1 2, 1 6, 28, 40-L, 51 , and 5, three constructs, 
30 pCLIP.Luc, pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/fibXX (XX = 12, 16, 28, 40-L, 51, and 5) were transfected into 
adenovirus producer cells. To generate recombinant Ad 5 virus carrying the fiber of 5/ 7/ 8/9/10/11/12/13/ 14/ 16/ 
17/19/21/ 24/ 27/ 28/ 29/ 30/ 32/ 33/ 34/ 35/ 36/ 37/ 38/ 40-S/ 40-L/ 41 -S/ 42/45/ 47/ 49/ 51, two constructs pCLIR 
Luc and pWE/Ad.Aflll-rlTR/FibXX were transfected into adenovirus producer cells. 

For transfection, 2 \ig of pCLIP.Luc, and 4 ug of both pWE/AdAflll-Eco and pBr/AdBamrlTR.pac/fibXX (or in case of 
35 cosmids: 4 of pCLIP.Luc plus 4 \ig of pWE/Ad.Aflll-rlTR/FibXX) were diluted in serum free DMEM to 100 uJ total 
volume. To this DNA suspension 100 \i\ 1x diluted lipofectamine (Gibco) was added. After 30 minutes at room temper- 
ature the DNA-Npofectamine complex solution was added to 2.5 ml of serum-free DMEM which was subsequently 
added to a T25 cm 2 tissue culture flask. This flask contained 2x10 6 PER.C6 cells that were seeded 24-hours prior to 
transfection. Two hours later, the DNA-lipofectamine complex containing medium was diluted once by the addition of 
40 2.5 ml DMEM supplemented with 20% foetal calf serum. Again 24 hours later the medium was replaced by fresh DMEM 
supplemented with 1 0% foetal calf serum. Cells were cultured for 6-8 days, subsequently harvested, and freeze/thawed 
3 times. Cellular debris was removed by centrifugation for 5 minutes at 3000 rpm room temperature. Of the supernatant 
(12.5 ml) 3-5 ml was used to infect again infect PER.C6 cells (T80 cm 2 tissue culture flasks). This re-infection results 
in full cytopathogenic effect (CPE) after 5-6 days after which the adenovirus is harvested as described above. 

45 

Example 3: Production, purification, and titration of fiber chimaeric adenoviruses 

[0069] Of the supernatant obtained from transfected PER.C6 cells typically 10 ml was used to inoculate a 1 litre 
fermentor which contained 1 - 1.5 x 10 6 cells/ ml PER.C6 that were specifically adapted to grow in suspension. Three 

50 days after inoculation, the cells were harvested and pelleted by centrifuging for 1 0 min at 1 750 rpm at room temperature. 
The chimaeric adenoviruses present in the pelleted cells were subsequently extracted and purified using the following 
downstream processing protocol. The pellet was dissolved in 50 ml 10 mM NaP0 4 " and frozen at -20°C. After thawing 
at 37°C, 5.6 ml deoxycholate (5% w/v) was added after which the solution was homogenated. The solution was sub- 
sequently incubated for 15 minutes at 37°C to completely crack the cells. After homogenising the solution, 1875 u.l 

55 . (1M) MgCI 2 " was added and 5 ml 100% glycerol. After the addition of 375 uJ DNase (10 mg/ ml) the solution was 
incubated for 30 minutes at 37°C. Cell debris was removed by centrifugation at 1880xg for 30 minutes at room tem- 
perature without the brake on. The supernatant was subsequently purified from proteins by loading on 10 ml of freon. 
Upon centrifugation for 15 minutes at 2000 rpm without brake at room temperature three bands are visible of which 
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the upper band represents the adenovirus. This band was isolated by pipetting after which ,t was £a led on a Tns/HCi 
(1M) buffered caesiumchloride blockgradient (range: 1.2 to 1.4 gr./ml).Upon centnfugation at 2100 0 rp m to ^2^5 hours 

at Zc the virus was purified from remaining protein and cell debris since the virus ,.n ~f a ^^^^ 
LsnotmigrateintoLl.Agr./mlcaesiumchloridesoiution.Thevimsbandisisolateda 

using a Tris/ HCI (1 M) buffered continues gradient of 1 .33 gr./ml of caes.umchlonde is performed After virus loading 
"op of mis gradient the virus is centrifuged for 17 hours a, 55000 rpm at ™J»£^^™^ J 
isolated and after the addition of 30 ul of sucrose (50 w/v) excess caes.umchlonde «s removed I by .*«" u ^ ™ 
dialysis each round comprising of 1 hour. For dialysis the virus is transferred to d.alys.s sides (Shde-a- tasr. art. off 
10000 kD Pierce USA) The buffers used for dialysis are PBS which are supplemented wrth an .ncreas ng concen- 
traZ o?sucr^T( ro und to 3: 30 ml. 60 ml, and 1 50 ml sucrose (50% w/v)/ 1 .5 litre PBS. all supplemented w.th 7.5 
ml 2% In) CaMgcTAfter dialysis, the virus is removed from the s,ide-a-lizer after which it is al.quoted ,n port,ons 
nf 9^ and 100 ul uDon which the virus is stored at -85°C. 
070 To deSe the number of virus particles per mi.li.itre. 100 of the virus batch is run on an h.g h prcssure 
auid chromatograph (HPLC). The adenovirus is bound to the column (an.on exchange) after which it is eluted using 
a SacSeZrLi 300-600 mlvl). By determining the area under the virus peak the number of virus particles can 

the numberof infectious units (,U) per ml present in a virus batch, titrations > are performe 
on 911 cells For this purpose. 4x10* 911 cells are seeded per well of 96-well plates in rows B, D, and F .n a totel 
Ime o 00 trTper we... Three hours after seeding the cells are attached to the ^.^^ 
can be removed. To the ce.ls a vo.ume of 200 pi is added, in duplicate, containing Mn^s of w» (rang* 
102 ti mes diluted to 2x109) B y screening for CPE the highest virus dilution which still renders CPE after 14 days is 
de^ * contain at least one infectious unit. Using this observation, together with the calculated amount of virus 
vXm pre en inTese wells renders the number of infectious units per ml of a given virus batch. The products 
^1 i.e virus paSes per m, and IU per ml or those chimaeric adenoviruses that were produced so far, are shown 
in table 3. 

Example 4: Presence of Ad5 Receptor molecules on human cells 

[0071] ToinvestigatemeimportanceofthepresenceofCARontargetcellsforinfectionw^ 
a Dane, of human cell lines and primary cells were tested for the presence and/ or absence of CAR, MHC c ass I and 
m£arin ilSTJSi For this purpose, 1x1 0= target cel.s or were transferred to tubes (4 tubes per ceH type) designed 
o ^Sne^C^e washed once with PBS/ 0.5% BSA after which the cells were *V"^f£° 
Z tZSESSZ* at room temperature. Subsequently, 10 p. of a 100 flmes . *u « ^ "J** < ^ S 
Brunswick chemie, Amsterdam. The Netherlands), a 100 times diluted antibody oJ» 

chemie Amsterdam The Netheriands), or 2000 times diluted CAR antibody was a kind gift of Dr Bergelson Harvara 
MeS SSSon. USA (Hsu e. si) was added to the eel, pe.let after which the cells were ££££ JJS 
at 4°C in a dark environment. After this incubation, cells were washed tw.ee with PBS/0.5 /„ BSA and again peiie tea 
b cen IgSon for 5 minutes at 1750 rpm room temperature. To label the ce„s, 10 ^<*™«™™21s*Tc 
with Dhvcoerythrin (PE) was added to the cell pellet upon which the cells were again mcubated for 30 minutes at 4 C 
ZaSSnXoZL Finally the cells were washed twice with PBS/0.5% BSA and analysed on a flow cytometer. The 
esuS o f flTcytomefilc analysis of these experiments are shown in table 4. These results show that human erythroid 
eutemfe ceTsS ATCC: CCL-243), human primary fibroblasts (GM09503), human pnmary smooth muscle ceHs. 
^TSa^ocyXes do not express detectab.e levels of J. ■ CAR receptor, .n contrast, human lun car- 
cinoma cells (A549 ATCC: CCL-1185). human lymphoblast ce.ls (SupT1 (B and T cell hybrid, ATCC/ C RL-199 1) and 
human Sr celte(HEPG2 ATCC. HB8065) express high amounts of CAR protein. Human lymphoblast eels (CEM, 
ATCC: ORL-1 992), primary human umbilical vein endothelial cells (HUVEC). and human primary chonon v,lh express 
low amounts of CAR protein. 

Example 5: Infection of CAR negative cells with fiber chimaeric adenovirus 

[0072] Several of the cell types described in example 4. i.e. A549. K562. GM09503, SupT1 chorion villi, and HepG2 
were infected with a pane, of chimaeric adenoviruses. This panel consists of adenovirus serotype 5 (subgroup C) and 
TZl^^L 5 containing the flber of serotypes 1 6 and 51 (subgroup B), of 28, 32, and 49 (subgroup D), of 
2 fsuZu A) an of 40 (40-S and/or 40-L: subgroup F). For this purpose target ce.ls are seeded at a concen raton 
oMo" ce!s pe well of 6-we.. p.ates in 2 ml Dulbecco's modified Eagles medium (DMEM Life Techno.og.es. The 
NeLandsfsupptemented with 10% Foeta, ca.f serum. Twenty-four hours ^^^^J^ 
medium containing the different chimaeric adenoviruses at an increasing MOI of 0. 1 0. 50, 250, 1 250, 2500 5UUU tiviui 
b^lTr^nides per mi.li.itre). Approximately 2 hours after the addition of virus the medium conta.n.ng tie we 
Sfecarded cells are washed once with PBS. and subsequent 2 ml of fresh medium (not conta.n.ng virus) .s added 
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to each well. Forthy-eight hours later cells are harvested, washed and pelleted by centrifuglng 5 minutes at 1500 rpm. 
Cells are subsequently lysed in 0,1 ml lysis buffer (1% Triton-X-100, 15% Glycerol, 2 mM EDTA, 2 mM DTT, and 25. 
mM MgCI 2 in Tris-phosphate buffer pH 7.8) after which the total protein concentration of the lysate is measured (Biorad, 
protein standard II). To determine marker gene expression (luciferase activity) 20 u.l of the protein sample is mixed with 

5 1 00 |il of a luciferase substrate (Luciferine, Promega, The Netherlands) and subsequently measured on a Lumat LB 
9507 apparatus (EG & G Berthold, The Netherlands). The results of these infection experiments, given as the amount 
of luciferase activity (RLU) per jig protein, are shown in figures 8-14. From these infection experiments several con- 
clusions can be drawn. The infection of A549 cells (figure 8) demonstrates that all chimaeric adenoviruses tested infect 
with relative high efficiency these cells. The infection of K562 cells (figure 9) demonstrates that these cells cannot be 

10 transduced with adenovirus serotype 5 (subgroup C) or the fiber chimera 12 (subgroup A). All other chimaeric aden- 
oviruses (16/ 51: subgroup B; 28/ 32/ 49: subgroup D; 40-L: subgroup F) are able to infect these cells with different 
efficiencies. The infection of GM09503 primary human fibroblasts (figure 10) demonstrates that these cells can be 
transduced with all fiber chimeras including Adenovirus serotype 5 albeit with different efficiencies. The infection of 
SupT1 cells (figure 11) demonstrates that these cells can be transduced with all fiber chimeras albeit with different 

15 efficiencies except for fiber chimera 49 which does not infect these human lymphoblast cells. The infection of human 
chorion villi cells (figure 12) shows a similar transduction pattern as observed with K562 cells except for adenovirus 
chimera 49 which does not infect these cells. The infection of HEPG2 cells (figure 13) shows a similar transduction 
pattern as observed with A549 cells. Linking the CAR expression data of these cells to the infection efficiency data 
obtained, several conclusions can be drawn. 1 ) Infection of adenovirus serotype 5 is correlated with the presence of 

20 CAR (figure 8-13). 2) In the absence of CAR but in the presence of high amount of MHC class I, poor infection is 
observed using adenovirus serotype 5, indicating that MHC class I is a worse receptor for adenovirus serotype 5 as 
compared to CAR (figure 10). 3) In the absence of CAR adenovirus fiber chimeras 16 and 51 (subgroup B) as well as 
chimeras 28 and 32 (subgroup D) as well as chimera 40-L (subgroup F) can infect cells with high efficiency, indicating 
that these viruses can utilise receptors other than CAR (figures 9 and 12). 4) A comparison of the infection data of the 

25 chimaeric adenoviruses carrying the fiber of 28, 32, and 49 teaches that within an adenovirus subgroup differences in 
transduction efficiencies exist, indicating that adenovirus members of one subgroup either have different affinities for 
the same receptor, or that different adherence molecules can be used (figures 8-13) by members of an adenovirus 
subgroup. 

30 Example 6: Complexity of receptor recognition of adenovirus serotypes 

[0073] To investigate the complexity and/or the number of different adherence molecules which can be used by 
human adenoviruses from different subgroups or between members within one subgroup the following strategies are 
designed. 

35 

1) Interference studies with total chimaeric viruses 

[0074] Via infection experiments described in example 5, cell lines are identified that are poorly transducible with a 
chimaeric viruses carrying the fiber protein of for example serotype 49 (subgroup D) indicating that such a cell expresses 

40 low levels of the adherence molecule required for D group adenovirus infection. Next, chimaeric adenoviruses carrying 
the fiber protein of other members of subgroup D are mixed in different concentrations with the fiber 49 chimaeric 
adenovirus and subsequently added to the cells. Since the fiber 49 chimaeric adenovirus carries a transgene other 
than the other subgroup D chimaeric adenoviruses (including but not limited to LacZ, Green Fluorescent Protein Yellow 
Fluorescent Protein, luciferase etc) interference of infection can be visualised. As a positive control two fiber 49 chi- 

45 maeric adenoviruses carrying different marker genes is used. Identical to the example for subgroup D described above 
experiments are conducted with different members of subgroup A, B, C, E, and F. These experiments show if the fiber 
protein of members of the same adenovirus subgroup recognise the same adherence molecules on a cell membrane. 
Naturally, this approach is also used to investigate inter-subgroup variation for example usage of adherence molecules 
by subgroup D and B members 

50 

2) Interference studies with fiber protein derived peptides 

[0075] Peptides of 6-12 amino acids are synthetically synthesised which together form the complete knob domain 
of a fiber from a subgroup D, for example 49. Next, one or more peptides are mixed in various concentrations with the 
55 . fiber 49 chimaeric adenovirus after which the mixture is added to the cells. Using this approach one or more peptides 
are identified which block, at a certain concentration, the infection of the fiber 49 chimaeric adenovirus. This peptide 
or these peptides are subsequently used to investigate whether the infection of other subgroup D members is blocked 
by addition of the peptide(s) and whether inhibition of infection occurs using the same concentration of peptide. Identical 
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to the example for subgroup D described above peptides are synthesised using the knob domain of a member of 
luSoup A B C E and F These experiments show not only which adherence molecules are used but also which 
part Zelr pmtei'rfis directly involved in binding to target cells. Naturally these peptides are also used to investigate 
inter-subgroup variation. 

3) Interference studies with baculovirus produced recom binant knob proteins 

[0076] Of each adenovirus subgroup, the knob region of one member is amplified by » 

otide hybridises to the final repeat of the shaft part of the fiber just upstream of the start of the knob prote.n. This 

%Z£ZZ£L» a restriction site to facilitate cloning, a Histidine (6x) tag for purifi^on 

a mutation thereby introducing a Methionine start codon. The reverse ohgonucleot.de hybridises after the polyA *gna 

and contains a restriction site to facilitate cloning into a baculovirus expression construe . After generajon of recom 

binant baculovirus, insect cells for instance Sffl. are infected. 4-6 days after infection cells are cracked by 3 cycles of 

frS thaw. Recombinant knob protein is purified from the supernatant using an antibody ^^^^ 

His tag The recombinant knobs are subsequently used in interference studies to investigate the complexity of aden 

ovirus binding between members of different subgroups as well as members within one subgroup. 

Example 7: identification of adherence molecules involved in adenovirus subgroup B, D, and F binding and 
internalisation 

[0077] To investigate what adherence molecules are involved in binding and internalisation of adenovirus serotypes 
from different subgroups in particular subgroups B. D, and F, the following strategies are designed. 

1) Phage display libraries 

r00781 Phage display libraries, containing random 6-12 amino acids peptides are imixedt with synthetically synthe- 
KpepMes whS have identified to block infection of one or more members of either subgroup B D an* or F. 
2 o phages with peptide(s) is performed in an ELISA setting in which the peptide(s) are coated to a plastic support 
SaSs of mixing' washing and e.ution are performed to obtain an enrichment for 

cifically bind to the peptide(s). Finally the phages retrieved are amplified and plaque purified after wh.ch approxima ely 
2oTre sequenced to establish the nature of the peptide insert of the phages. From the consensus sequence , of a 20 
ohaaes a (degenerate) oligonucleotide is synthesised which together with a polyA hybnd.smg oligonucleotide is used 
?or the ampl fSo of d)NA sequences both from cells which can or cannot (negative control) be infected with a 
Z&H T B TaIor F chimaeric adenovirus. Amplified cDNAs are Coned, sequenced and aligned, amongst others, 
against existing Genbank sequences. 

2^ cDNA expression library screening 

100791 cDNA libraries either commercially available or generated using a CAR-negative cell line which is highly 
rnsduciWe^ cSmaeric adenoviruses carrying the fiber protein of members of for example subgroup D or subgroup 
F are used fw expression library screening using either radiolabeled adenovirus or recombinant produced knob pro- 
teins "as ^probes Xnes or plaques which bind to the probe are picked, amplified and re-tested for enrichment of probe 
binding are picked after which the cDNA content is elucidated by sequence analys.s. Retneved cDNAs 
are cloned, sequenced and aligned, amongst others, against existing Genbank sequences. 

3) Peptidase treatment of cells after adenovirus binding 

[0080] Cells which are highly transducible with chimaeric adenoviruses carrying the fiber protein of , ^ em ^ °f f or 
example subgroup D are treated with different peptidases after binding of the chimaenc adenovirus. The panel of 
SSSI tested on the chimaeric adenovirus only to ensure that capsid proteins of tine ; -c.ru 
is not cleaved Peptidae treated cells are spun down after which the supernatant is added to 24-well plates precoatea 

txon and/ or penton antibodies. After binding of ^« * ■^^^J^S^ 
wells are washed extensively with PBS. Upon washing, the adenovirus is harvested after which either protein gel 
Sroohoresis or MaSoff is used to identify whether parts of a cellular protein is bound to the fiber protein or whether 
eSSe n tend Tare visible as compared to protein gel electrophoresis or Malditoff of a purified batch of adenovirus 
oSyTa negS Control for the above described experiments cells negative for infection with a ch.maenc : adenovirus 
«%mg a fibe df a memberof subgroup D can be used. Alternatively, cells which are ^^f^J^S^Z 
TdSovlruses carding the fiber protein of members of for example subgroup D, are first treated with peptidases after 
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which the medium is incubated with adenoviruses bound to a plastic support. 

[0081] The. above described examples encompasses the construction of recombinant adenoviral vectors chimaeric 
for the fiber protein which results in an altered infection hostrange. The alteration of the infection host range results in 
highly efficient infection of cells negative for the CAR protein which is the protein required by adenovirus serotype 5 
5 for efficient infection. These vectors are generated for the purpose of gene transfer and recombinant DNA vaccines. 
These vectors are thus ideally suited for gene transfer to tissues, and/or organs of which de cells do not express 
detectable levels of CAR. 
Figure and table legends 

10 Table 1 : Association of human adenovirus serotypes with human disease. 

Table 2: Oligonucleotides and degenerate oligonucleotides used for the amplification of DNA encoding for fiber 
protein derived from alternative human adenovirus serotypes. Bold letters in oligonucleotides A-E represent an 
Ndel restriction site. Bold letters in oligonucleotides 1-6 and 8 represent an Nsil restriction site. Bold letters in 
15 oligonucleotide 7 represents a Pad restriction site. 

Table 3: Production results of fiber chimaeric adenoviruses. The number of virus particles per ml were determined 
using HPLC. The number of infectious units (IU) per millilitre were determined through titration on human 911 cells. 
For infection experiments, the number of virus particles per millilitre is taken from all chimaeric adenoviruses since 
20 IU/ ml reflects a receptor mediated process. 

Table 4: Flow cytometric results on expression of integrins 0^03 and 0^5, the Coxsacki adenovirus receptor (CAR), 
and MHC class I on the membranes of human cell lines and human primary cells. A549: Human lung carcinoma 
cell line (ATCC, CCL-1185). K562: Human erythroid leukemia (ATCC, CCL-243). SupT1: Human Lymphoblast 

25 hybrid B and T (ATCC, CRL-1 991 ). GM09503: Human primary fibroblasts. HEPG2: Human liver carcinoma (ATCC, 

HB8065). CEM: human lymphoblast cells (ATCC, CRL-1 992). HeLa: Human cervix carcinoma (ATCC, CCL-2). 
Primary amniocytes and chorion villi cells were obtained from department of antropogenetics, Leiden, The Neth- 
erlands. Primary Smooth muscle cells, Human umbilical vein endothelial cells, and synoviocytes were obtained 
from TNO-PG, Leiden, The Netherlands. Shown is the percentage of cells expressing either molecule on their 

30 membrane. ND: not determined. 0% means undetectable expression of the molecule on the membrane of the cell 

using flow cytometry. 100% means high expression of the molecule on the cell membrane. 

[0082] Figure 1 : Schematic presentation of adapter plasmid pMLPITK. 
[0083] Figure 2: Schematic presentation of adapter plasmid pAd/L420-HAS. 
35 [0084] Figure 3: Schematic presentation of adapter plasmid pAd5/CLIP 

[0085] Figure 4: Schematic presentation of plasmid system which requires only one recombinational event to gen- 
erate recombinant adenoviruses. 

[0086] Figure 5: Schematic presentation of plasmid system which requires two recombinational events to generate 
recombinant adenoviruses. 

<o [0087] Figure 6: Schematic presentation of generation of plasmid pBr/AdBamRDeltaFib in which the Adenovirus type 
5 fiber DNA is replaced by a short DNA stretch containing an unique Nsil site. 

[0088] Figure 7: Fiber protein sequences of adenovirus serotypes 8, 9, 1 3, 14,20, 23, 24, 25, 27, 28, 29, 30, 32, 33, 
34, 35, 36, 37, 38, 39, 42, 43, 44, 45, 46, 47, 48, 49, and 51 . Bold letters represent part of the tail of adenovirus serotype 
5. If bold letters not present it means that a PCR fragment was sequenced which does not contain the Ad5 tail. An X, 
45 present in the sequence means unidentified amino acid due to unidentified nucleotide. At the end of the sequence the 
stop codon of the fiber is presented by a dot. 

[0089] Figure 8: Transduction of human lung carcinoma cells (A549) with a panel of chimaeric adenoviruses carrying 
the fiber of adenovirus 12, 16, 17, 28, 32, 40-L, or 51. Adenovirus 5 served as reference. Cells were infected with 
increasing MOI based on virus particles per cell: 10, 50, 250, 1250, 2500 (see legend on the right of graph). Luciferase 

50 transgene expression is expressed as relative light units (RLU) per u.g of protein. 

[0090] Figure 9: Transduction of human erythroid leukemia cells (K562) with a panel of chimaeric adenoviruses 
carrying the fiber of adenovirus 12, 16, 28, 32, 40-S, 40-L, 49, or 51. Adenovirus 5 served as reference. Cells were 
infected with increasing MOI based on virus particles per cell: 10, 50, 250, 1250, 2500, 5000 (see legend on the right 
of graph). Luciferase transgene expression is expressed as relative light units (RLU) per u.g of protein. Error bars 

55 . represent SD. 

[0091] Figure 10: Transduction of human primary fibroblasts (GM09503) with a panel of chimaeric adenoviruses 
carrying the fiber of adenovirus 12, 16, 28, 32, 40-L, 49, or 51. Adenovirus 5 served as reference. Cells were infected, 
with increasing MOI based on virus particles per cell: 10, 50, 250, 1250, 2500, 5000 (see legend on the right of graph). 
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1 udferase transaene expression is expressed as relative light units (RLU) per ug of protein. Error bars re P resen ^° n 

\. VJ , m <o i« oft 15 40 s 40-L 49 or 51 Adenovirus 5 served as reference. Cells were imecieo 

the fiber of adenovirus 12 16, 28, 32. _ 40 V 40 .49,^ orsn. «o 5 000 (see legend on the right of graph), 

with increasing MOI based on virus particles per cell. 1 0, 50, ^5U, i^ou, ^ouu, ouuv io B M rpn resent SD 

ruciferase transqene expression is expressed as relative light units (RLU) per ug of protein. Error bars represent SD. 
100M1 RoT ?2 Transduction of human chorion villi cells with a panel of chimaeric adenoviruses carrying the fiber 
[0093] F «""J 2 J"™^™l 49 or 51 Adenovirus 5 served as reference. Cells were infected with mcreas.ng 
1^ on vt'p ScS pe^e '10 50 ,250, 1250, 2500, 5000 (see legend on the right of graph, Luciferase 
Ssgene iSb expressed as relative light units (RLU) per ,g of protein Err ^^^^^ 
0094] Figure 13: Trar^onof^ 

£ j a 51 Adenovjrus 5 ser ved as reference. Cells were mreciea wiui 

fiber of adenovirus 12, 16, 28, 32, 4,0-S, 40 L, 49 or »_l Aoe rf 
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Tables and figures 

[0137] 

45 

Table 1 



Syndrom 


Subgenus 


Serotype 


Respiratory illness 


A 


31 




B 


3, 7,11,14, 21,34, 35, 51 


* * 


C 


1,2,5,6 




D 


39, 42-48 




E 


4 


Keratoconjunctivitis (eye) 


B 


11 




D 


8, 19, 37, 50 


Hemorrhagic cystitis (Kidney) 


B 


7, 11,14, 16, 21,34, 35 


And urogenital tract infections 


C 


5 



19 
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Table 1 (continued) 



Syndrom 



Sexual transmission 



Gastroenteritis 



CNS disease 



Hepatitis 
Disseminated 

None (???) 



Subgenus 


Serotype 


D 


39, 42-48 ~ 


c 


2 


D 


19, 37 


A 


31 


B 


3 


c 


1,2,5 


n 


28 


P 
i 


40, 41 


A 
t\ 


12 31 


R 
D 


3 7 


c 


2, 5,6 


D 


32, 49 


A 


31 


C 


1,2,5 


A 


31 


B 


3, 7,11,21 


D 


30, 43-47 


A 


18 


D 


9,10,13,15 17, 20, 22-29, 33, 36, 38 



Table 2 



Serotype 



4 
8 
9 

12 
16 
19p 
28 
32 
36 
37 
40-1 

40- 2 

41 - s 
41-1 
49 

"aTs'- 

B: 5'- 
C: 5'- 
D: 5'- 
E: 5'- 
1:5"- 
2: 5'- 
3: 5'- 
4: 5'- 



Knob oligonucleotide 

1 

2 
2 
3 
4 
2 
2 
2 
2 
2 
5 
6 
5 
7 

2 

5'- CCC GTG TAT CCA TAT GAT GCA GAC AAC GAC CGA CC- 3' 
CCC GTC TAC CCA TAT GGC TAC GCG CGG- 3' 
CCK GTS TAC CCA TAT GAA GAT GAA AGC- 3' 
CCC GTC TAC CCA TAT GAC ACC TYC TCA ACT C- 3' 
CCC GTT TAC CCA TAT GAC CCA TTT GAC ACA TCA GAC- 3' 
CCG ATG CAT TTA TTG TTG GGC TAT ATA GGA - 3' 
CCG ATG CAT TYA TTC TTG GGC RAT ATA GGA - 3' 
CCG ATG CAT TTA TTC TTG GGR AAT GTA WGA AAA GGA - 3' 
CCG ATG CAT TCA GTC ATC TTC TCT GAT ATA - 3' 



Tail oligonucleotide 

A 
B 
B 
E 
C 
B 
B 
B 
B 
B 
D 
D 
D 
D 
B 



20 
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Table 2 (continued) 



Serotype 


Tail oligonucleotide 


Knob oligonucleotide 


50 




B 


2 


51 




C 


8 


5: 5'- 


CCG ATG CAT TTA TTG TTC AGT 1 


fAT GTA GCA - 3* 


6: 5'- 


GCC ATG CAT TTA TTG TTC TGT TAC ATA AGA - 3' 


7:5'- 


• CCG TTA ATT AAG CCC TTA TTG TTC TGT TAC ATA AGA A - 3' . 


8: 5'- 


CCG ATG CAT TCA GTC ATC YTC TWT AAT ATA - 3' 



Table 3 



Adenovirus 


virus particles/ ml 


Infectious units/ ml 


Ad5Fib5 


2.2 x10 12 


6.8 x10 11 


Ad5Fib12 


4.4 x10 12 


1.9 x10 12 


Ad5Fib16 


1.4 x10 12 


3.0 x10 10 


Ad5Fib17 


9.3 x10 11 


9.5 x10 9 


Ad5Fib28 


5.4 x10 10 


2.8 x10 8 


Ad5Fib32 


2.0 x10 12 


1.1 x10 12 


Ad5Fib40-S 


3.2x1010 


1.0 x10 10 


Ad5Fib40-L 


2.0 x10 12 


6.4 x10 11 


Ad5Fib49 


1.2 x10 12 


4.3 x10 11 


Ad5Fib51 


5.1 x10 12 


1.0 x10 12 



Table 4 



Cell line 


OyP3 


<*vP5 


CAR 


MHC class I 


A549 


17% 


98% 


100% 


ND 


K562 


12% 


55% 


0% 


15% 


GM09503 


20% 


50% 


0% 


100% 


CEM 


0% 


0% 


3% 


100% 


SupT1 


5% 


1% 


70% 


100% 


Smooth muscle cells 


100% 


70% 


0% 


15% 


HUVEC 


100% 


15% 


10% 


90% 


Synoviocytes 


30% 


40% 


0% 


100% 


1°chorionvilli 


100% 


0% 


12% 


100% 


HepG2 


0% 


10% 


100% 


80% 
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[0138] 

5 



10 



25 



35 



SEQUENCE LISTING 

<110> Introgene BV 

<120> Infection with chimaeric adenoviruses of cells negative 
for the adenovirus serotype 5 Coxsacki adenovirus 
receptor (CAR) . 

<130> P50220EPOO 



<140> 99202234.3 
15 <141> 1999-07-08 

<160> 58 

<170> Patentln Ver. 2.1 

20 <210> 1 

<211> 23 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: "oligo linker" 
<220> 

<221> ndsc feature 
<222> (1).T(23) 

<223> /note= "Linker containing a Pad site 

30 <400> 1 23 

aattgtctta attaaccgct taa 

<210> 2 
<211> 19 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: "oligo linker" 
<220> 

40 <221> misc_feature 

<222> (1)..(19) 

<223> /note="Linker containing a Pad site 

<400> 2 19 
aattgtctta attaaccgc 

45 

<210> 3 
<211> 19 
<212> DNA 

<213> Artificial Sequence 

50 <220> 

<223> Description of Artificial Sequence: "oligo linker" 

<220> 

<221> ndsc_feature 

55 



22 
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<222> (1)..(19) 

<223> /note="Linker containing a 
<400> 3 

aattgcggtt aattaagac 



<210> 4 
<211> 47 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<220> 

<221> primer_bind 
<222> (1) . . (47) . 
<223> /note="Primer LTR-1 W 

<400> 4 

ctgtacgtac cagtgcactg gcctaggcat 

<210> 5 
<211> 64 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<220> 

<221> primer_bind 
<222> (1) . . (64) 
<223> /note="Primer LTR-2" 

<400> 5 

gcggatcctt cgaaccatgg taagcttggt 
atcg 

<210> 6 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial 
<220> 

<221> primer_bind 
<222> (1) . , (28) 
<223> /note="Primer HSA1" 

<400> 6 

gcgccaccat gggcagagcg atggtggc 

<210> 7 
<211> 50 



Pad site" 

19 

Sequence: "primer" 
ggaaaaatac ataactg 47 

Sequence: "primer 1 * 

accgctagcg ttaaccgggc gactcagtca 60 

64 

Sequence: "primer" 

28 



23 
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<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: "primer" 
<220> 

<221> primer_bind 

<222> (1)..(50) 

<223> /note*" Primer HSA2" 

gJSgatcta agcttgtcga catcgatcta ctaacagtag agatgtagaa 



<210> 8 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: primer 
<220> 

<221> primer_bind 

<222> (1) (2D 

<223> /note="Primer 1" 

<400> 8 

gggtattagg ccaaaggcgc a 



<210> 9 
<211> 33 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: "primer 
<220> 

<221> primer bind 

<222> (1) (33) 

<223> /note=" Primer 2 n 

<400> 9 

gatcccatgg aagcttgggt ggcgacccca gcg 



<210> 10 
<211> 36 
<212> DNA 

<213> Artificial Sequence 



***£*C-\1 s' n • ft 

<223> Description of Artificial Sequence: primer 
<220> 

<221> primer_bind 

<222> (1) • • (36) 

<223> /note="Primer 3" 



24 



EP 1 067 188 A1 



<400> 10 

gatcccatgg ggatccttta ctaagttaca aagcta 



<210> 11 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "primer" 
<220> 

<221> primer_bind 

<222> (1);.(19) 

<223> /note= w Primer 4" 

<400> 11 

gtcgctgtag ttggactgg 

<210> 12 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "primer" 
<220> 

<221> primer_bind 

<222> (1)..(42) 

<223> /note="Primer NY-up" 

<400> 12 

cgacatatgt agatgcatta gtttgtgtta tgtttcaacg tg 



<210> 13 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "primer" 
<220> 

<221> primer_bind 

<222> (1) (19) 

<223> /note= M Primer NY-down" 

<400> 13 

ggagaccact gccatgttg 



<210> 14 
<211> 10 
<212> DNA 

<213> Artificial Sequence 



25 
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<220> 

<223> Description of Artificial Sequence: "oligo linker' 
<220> 

<221> misc feature 
<222> (1).T(10) 

<223> /note="Linker with Sail and EcoRI-site 

<400> 14 
ttaagtcgac 



<210> 15 
<211> 32 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: "primer - 
<220> 

<221> primer_bind 

<222> (1>..(32) 

<223> /note-"LacZ primer l w 

<400> 15 

ggggtggcca gggtacctct aggcttttgc aa 



<210> 16 
<211> 29 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: "primer 
<220> 

<221> primer_bind 

<222> (1) • • (29) 

<223> /note="LacZ primer 2" 

<400> 16 

ggggggatcc ataaacaagt tcagaatcc 



<210> 17 
<211> 35 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: "oligonucleotide 
<220> 

<221> misc_feature 
<222> (1) .7(35) 

<223> /note="Tail oligonucleotide 
<400> 17 

cccgtgtatc catatgatgc agacaacgac cgacc 



26 



EP 1 067 188 A1 



<210> 18 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "oligonucleotide'' 
<220> 

<221> misc_feature 
<222> (1) . . (27) 

<223> /note="Tail oligonucleotide" 
<400> 18 

cccgtctacc catatggcta cgcgcgg 

<210> 19 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "oligonucleotide" 
<220> 

<221> misc_feature 
<222> (1)..<27) 

<223> /note="Tail oligonucleotide" 
<400> 19 

cckgtstacc catatgaaga tgaaagc 



<210> 20 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "oligonucleotide" 
<220> 

<221> misc_feature 
<222> (1) • . (31) 

<223> /note=*"Tail oligonucleotide" 
<400> 20 

cccgtctacc catatgacac ctyctcaact c 

<210> 21 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> . 

<223> Description of Artificial Sequence: "oligonucleotide" 



27 
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<220> 

<221> misc_feature 
<222> (1).. (36) 

<223> /note="Tail oligonucleotide n 
<400> 21 

cccgtttacc catatgaccc atttgacaca tcagac 



<210> 22 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: -oligonucleotide" 
<220> 

<221> misc_feature 
<222> (l)-.(30) 

<223> /note="Knob oligonucleotxde 
<400> 22 

ccgatgcatt tattgttggg ctatatagga 



<210> 23 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<223> Description of Artificial Sequence: "oligonucleotide 
<220> 

<221> misc_feature 

<222> (1) (30) . 
<223> /note="Knob oligonucleotide 

<400> 23 

ccgatgcatt yattcttggg cratatagga 



<210> 24 
<211> 36 
<212> DNA 

<213> Artificial Sequence 

<223> Description of Artificial Sequence: "oligonucleotide' 
<220> 

<221> misc_feature 
<222> (1)..(36) 

<223> /note="Knob oligonucleotide 
<400> 24 

ccgatgcatt tattcttggg raatgtawga aaagga 



<210> 25 



28 
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<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "oligonucleotide" 
<220> 

<221> misc_feature 
<222> (1) (30) 

<223> /note="Knob oligonucleotide" 
<400> 25 

ccgatgcatt cagtcatctt ctctgatata 

<210> 26 
<211> 30 
<212> DNA . 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: "oligonucleotide" 
<220> 

<221> misc_feature 
<222> (1)..<30) 

<223> /note~"Knob oligonucleotide" 
<400> 26 

ccgatgcatt tattgttcag ttatgtagca 



<210> 27 
<2U> 30 
<212> DNA 

<213> Artificial Sequence 

<220> ' 

<223> Description of Artificial Sequence: "oligonucleotide" 
<220> 

<221> misc feature 
<222> (1) .7(30) 

<223> /note="Knob oligonucleotide" 
<400> 27 

gccatgcatt tattgttctg ttacataaga 



<210> 28 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence : "oligonucleotide" 
<220> 

<221> misc_feature 
<222> (1) (37) 



29 
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<223> /note="Knob oligonucleotide" 

<400> 28 37 
ccgttaatta agcccttatt gttctgttac ataagaa 



<210> 29 
<2U> 30 
<212> DNA 

<213> Artificial Sequence 

tit Description of Artificial Sequence -oligonucleotide" 
<220> 

<221> misc feature 
<222> (1) .7(30} 

<223> /note="Knob oligonucleotide 

<400> 29 30 
ccgatgcatt cagtcatcyt ctwtaatata 



<210> 30 
<211> 377 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 

<222> (1J..C377) ( 
<223> /note-" Serotype 8 fiber protein 



Ser cy» Ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
1 5 1 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 J 

Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Ser Asn Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 



55 60 



Leu Ala Asp Pro lie Thr lie Asn Asn Gin Asn Val Ser Leu Lys Val 
65 70 7 



Gly Gly Gly Leu Thr Leu Gin Glu Glu Thr Gly Lys Leu Thr Val Asn 

85 90 

Thr Glu Pro Pro Leu His Leu Thr Asn Asn Lys Leu Gly lie Ala Leu 

100 105 

Asp Ala Pro Phe Asp Val lie Asp Asn Lys Leu Thr Leu Leu Ala Gly 
115 I 20 125 

His Gly Leu ser lie lie Thr Lys Glu Thr Ser Thr Leu Pro Gly Leu 
130 135 



30 



EP 1 067 188 A1 



Val Asn Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Asp Leu 
145 150 155 160 

Ser Asn Asn Gly Gly Asn lie Cys Val Arg Val Gly Glu Gly Gly Gly 

165 170 175 

Leu Ser Phe Asn Asp Asn Gly Asp Leu Val Ala Phe Asn Lys Lys Glu 

180 185 190 

Asp Lys Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys Arg 
195 200 205 

He Asp Gin Asp Lys Asp Ser Lys Leu Thr Leu Val Leu Thr Lys Cys 
210 215 220 

Gly Ser Gin He Leu Ala Asn Val Ser Leu He Val Val Ala Gly Arg 
225 230 235 240 

Tyr Lys He He Asn Asn Asn Thr Asn Pro Ala Leu Lys Gly Phe thr 

245 250 255 

He Lys Leu Leu Phe Asp Lys Asn Gly Val Leu Met Glu Ser Ser Asn 

260 265 270 

Leu Gly Lys Ser Tyr Trp Asn Phe Arg Asn Gin Asn Ser He Met Ser 
275 280 285 

Thr Ala Tyr Glu Lys Ala He Gly Phe Met Pro Asn Leu Val Ala Tyr 
290 295 300 

Pro Lys Pro Thr Thr Gly Ser Lys Lys Tyr Ala Arg Asp He Val Tyr 
305 310 315 320 

Gly Asn. He Tyr Leu Gly Gly Lys Pro His Gin Pro Val Thr He Lys 

325 330 335 

Thr Thr Phe Asn Gin Glu Thr Gly Cys Glu Tyr Ser He Thr Phe Asp 

340 345 350 

Phe Ser Trp Ala Lys Thr Tyr Val Asn Val Glu Phe Glu Thr Thr Ser 
355 360 365 



Phe Thr Phe Ser Tyr He Ala Gin Glu 
370 375 



<210> 31 

<211> 377 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1) (377) 

<223> /note="Serotype 9 fiber protein" 

• 

<400> 31 

Ser Cys Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
1 5 10 15 
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Lys 



Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro VaX Tyr Pro Tyr 



20 25 
Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe Val 



35 



40 



Ser Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro lie Ala lie Val Asn Gly Asn Val Ser Leu Lys Val 



65 



70 



75 



Gly Gly Gly Leu Thr Leu Gin Asp Gly Thr Gly Lys Leu Thr Val Asn 

65 90 95 

Ala Asp Pro Pro Leu Gin Leu Thr Asn Asn Lys Leu Gly lie Ala Leu 



Asp 



100 HO 
Ala Pro Phe Asp Val lie Asp Asn Lys Leu Thr Leu Leu Ala Gly 



115 



120 



125 



His Gly Leu Ser He He Thr Lys Glu Thr Ser Thr Leu Pro Gly Lea 

135 I 40 



130 



He Asn 



Thr Leu Val Val Leu Thr Gly Lys Gly Xle Gly Thr Glu Ser 



145 



150 



155 



160 



Thr Asp Asn Gly Gly Ser Val Cys Val Arg Val Gly Glu Gly Gly Gly 

165 I 70 

Phe Asn Asn Asp Gly Asp Leu Val Ala Phe Asn Lys Lys Glu 



Leu Ser 



180 



185 



190 



Asp Lys Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys Lys 



195 



200 



He Asp Gin Asp Lys Asp Ser Lys Leu Thr Leu Val Leu Thr Lys Cys 

215 



210 



Gly Ser Gin He Leu Ala Asn Val Ser Leu lie Val Val Ala Gly Lys 



225 



230 



235 



Tyr Lys He He Asn Asn Asn Thr Gin Pro Ala Leu Lys Gly Phe Thr 



245 



250 



He Lys Leu Leu Phe Asp Glu Asn Gly Val Leu Met Glu Ser Ser Asn 
260 265 270 

Leu Gly Lys Ser Tyr Trp Asn Phe Arg Asn Glu Asn Ser He Met Ser 
275 280 285 

Thr Ala Tyr Glu Lys Ala He Gly Phe Met Pro Asn Leu Val Ala Tyr 
290 295 300 

Pro Lys Pro Thr Ala Gly Ser Lys Lys Tyr Ala Arg Asp He Val Tyr 



30b 



310 



315 



Gly Asn He Tyr Leu Gly Gly Lys Pro Asp Gin Pro Val Thr He Lys 



325 330 335 



Thr Thr Phe Asn Gin Glu Thr Gly Cys Glu Tyr Ser He Thr Phe Asp 
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340 345 350 

Phe Ser Trp Ala Lys Thr Tyr Val Asn Val Glu Phe Glu Thr Thr Ser 
355 360 365 

Phe Thr Phe Ser Tyr lie Ala Gin Glu 
370 375 



<210> 32 

<211> 391 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1) (391) 

<223> /note<="Serotype 13 fiber protein" 

r 

<400> 32 

Xaa Xaa Xaa Xaa Xaa Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
1 5 10 15 

Lys Arg Ala Arg Ser Ser Xaa Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

Gly Tyr Ala Arg Asn Gin Asn lie Xaa Phe Xaa Thr Pro Pro Phe Val 
35 40 45 

Xaa Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro lie Thr lie Ala Asn Gly Asp Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Leu Gin Glu Gly Ser Leu Thr Val Asp Pro Lys 

85 90 95 . 

Ala Pro Leu Gin Leu Ala Asn Asp Lys Lys Leu Glu Leu Val Tyr Asp 

100 105 110 

Asp Pro Phe Glu Val Ser Thr Asn Lys Leu Ser Leu Lys Val Gly His 
115. 120 125 

Gly Leu Lys Val Leu Asp Asp Lys Ser Ala Gly Gly Leu Lys Asp Leu 
130 135 140 

lie Gly Lys Leu Val Val Leu Thr Gly Lys Gly lie Gly He Glu Asn 
145 " 150 155 160 

Leu Gin Asn Asp Asp Gly Ser Ser Arg Gly Val Gly He Asn Val Arg 

165 170 175 

Leu Gly Thr Asp Gly Gly Leu Ser Phe Asp Arg Lys Gly Glu Leu Val 

180 185 190 

* 

Ala Trp Asn Arg Lys Asp Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp 
195 200 205 

Pro Ser Pro Asn Cys Lys Ala Glu Thr Glu Lys Asp Ser Lys Leu Thr 
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210 



215 220 



Leu Val Leu Thr Lys Cys Gly Ser Gin lie Leu Ala Thr Val Ser lie 
225 230 235 240 

He Val Leu Lys Gly Lys Tyr Glu Phe Val Lys Lys Glu Thr Glu Pro 

245 250 255 

Lys Ser Phe Asp Val Lys Leu Leu Phe Asp Ser Lys Gly Val Leu Leu 

Pro Thr Ser Asn Leu Ser Lys Glu Tyr Trp Asn Tyr Arg Ser Tyr Asp 
275 280 

Asn Asn He Gly Thr Pro Tyr Glu Asn Ala Val Pro Phe Met Pro Asn 
290 295 300 

Leu Lys Ala Tyr Pro Lys Pro Thr Lys Thr Ala Ser Asp Lys Ala Glu 
305 310 315 320 

Asn Lys lie Ser Ser Ala Lys Asn Lys lie Val Ser Asn Phe Tyr Phe 

325 330 335 

Gly Gly Gin Ala Tyr Gin Pro Gly Thr He He lie Lys Phe Asn Glu 

340 345 350 

Glu He Asp Glu Thr Cys Ala Tyr Ser He Thr Phe Asn Phe Gly Trp 
355 360 365 

Gly Lys Val Tyr Asp Asn Pro Phe Pro Phe Asp Thr Thr Ser Phe Thr 
370 375 380 

Xaa Ser Tyr He Ala Gin Glu 
385 390 



<210> 33 
<211> 290 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) (290) 

<223> /note=" Serotype 14 fiber protein" 

His°Pro 3 phe He Asn Pro Gly Phe He Ser Pro Asn Gly Phe Thr Gin 
! 5 10 15 

Ser Pro Asp Gly Val Leu Thr Leu Lys Cys Leu Thr Pro Leu Thr Thr 

20 25 30 

Thr Gly Gly Ser Leu Gin Leu Lys Val Gly Gly Gly Leu Thr Val Asp 
35 40 45 

Asp Thr Asp Gly Thr Leu Gin Glu Asn He Gly Ala Thr Thr Pro Leu 
50 55 60 

Val Lys Thr Gly His Ser lie Gly Leu Ser Leu Gly Ala Gly Leu Gly 
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65 70 75 80 

Thr Asp Glu Asn Lys Leu Cys Thr Lys Leu Gly Glu Gly Leu Thr Phe 

85 90 95 

Asn Ser Asn Asn lie Cys He Asp Asp Asn He Asn Thr Leu Trp Thr 

100 105 110 

Gly Val Asn Pro Thr Glu Ala Asn Cys Gin Met Met Asp Ser Ser Glu 
115 120 125 

Ser Asn Asp Cys Lys Leu He Leu Thr Leu Val Lys Thr Gly Ala Leu 
130 * 135 . 140 . 

Val Thr Ala Phe Val Tyr Val He Gly Val Ser Asn Asn Phe Asn Met 
145 150 155 160 

Leu Thr Thr Tyr Arg Asn He Asn Phe Thr Ala Glu Leu Phe Phe Asp 

165 170 175 

Ser Ala Gly Asn Leu Leu Thr Ser Leu Ser Ser Leu Lys Thr Pro Leu 

180 185 v 190 

Asn His Lys Ser Gly Gin Thr Trp Leu Leu Val Pro Leu Leu Met Leu 
195 200 205 

Lys Val Ser Cys Pro Ala Gin Leu Leu He Leu Ser He He He Leu 
210 215 220 

Glu Lys Asn Lys Thr Thr Phe Thr Glu Leu Val Thr Thr Gin Leu Val 
225 230 235 240 

He Thr Leu Leu Phe Pro Leu Thr He Ser Vai Met Leu Asn Gin Arg 

245 250 255 

Ala He Arg Ala Asp Thr Ser Tyr Cys He Arg He Thr Trp Ser Trp 

260 265 270 

Asn Thr Gly Asp Ala Pro Glu Gly Gin Thr Ser Ala Thr Thr Leu Val 
275 280 285 

Thr Ser 
290 



<210> 34 . 
<211> 345 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1).. (345) 

<223> /note= M Serotype 20 fiber protein" 
<400> 34 

He Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly 
1 5 10 15 

Leu Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro 
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20 25 30 

lie Ala lie Val Asn Gly Asn Val Ser Leu Lys Val Gly Gly Gly He 
35 40 4 

Thr Val Glu Gin Asp Ser Gly Gin Leu He Ala Asn Pro Lys Ala Pro 

50 55 
Leu Gin Val Ala Asn Asp Lys Leu Glu Leu Ser Tyr Ala Tyr Pro Phe 
65 10 75 

Glu Thr Ser Ala Asn Lys Leu Ser Leu Lys Val Gly Gin Gly Leu Lys 

85 90 

Val Leu Asp Glu Lys Asp Ser Gly Gly Leu Gin Asn Leu Leu Gly Lys 

100 105 

Leu Val Val Leu Thr Gly Lys Gly lie Gly Val Glu Glu Leu Lys Asn 

115 120 125 

Pro Asp Asn Thr Asn Arg Gly Val Gly He Asn Val Arg Leu Gly Lys 
130 135 1" 

Asp Gly Gly Leu Ser Phe Asn Lys Asn Gly Glu Leu Val Ala Trp Asn 
145 150 

Lys His Asn Asp Thr Gly Thr Leu Trp Thr Thr Pro Asp Pro Ser Pro 
Asn Cys Lys lie Glu Glu Val Lys Asp Ser Lys Leu Thr Leu Val Leu 



180 



185 



Thr Lys Cys Gly Ser Gin lie Leu Ala Thr Met Ala Phe Gin Val Val 
Lys Gly Thr Tyr Glu Asn lie Ser Lys Asn Thr Ala Lys Asn Ser Phe 



Ser He Lys Leu Leu Phe Asp Asp Asn Gly Lys Leu Leu Glu Gly Ser 
225 230 

Ser Leu Asp Lys Asp Tyr Trp Asn Phe Arg Ser Asp Asp Ser lie lie 

245 250 

Pro Asn Gin Tyr Asp Asn Ala Val Pro Phe Met Pro Asn Leu Lys Ala 
260 265 

Tyr Pro Lys Pro Ser Thr Val Leu Pro Ser Thr Asp Lys Asn Ser Asn 



275 



280 



Gly Lys Asn Thr He Val Ser Asn Leu Tyr Leu Glu Gly Lys Ala Tyr 



290 295 



Gin Pro Val Ala Val Thr He Thr Phe Asn Lys Glu He Gly Cys Thr 
305 310 315 

Tyr Ser He Thr Phe Asp Phe Gly Trp Ala Lys Thr Tyr Asp Val Pro 

He Pro Phe Asp Ser Ser Ser Phe Thr 
340 345 
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5 <210> 35 . . 

. <211> 346 
<212> PRT 
<213> adenoviridae 

<220> 

10 <221> VARIANT 

<222> (1) . . (346) 

<223> /note^Serotype 23 fiber protein" 
<400> 35 

Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe 
15 i 5 10 15 

Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro lie 

20 25 30 



20 



Ala He Thr Asn Gly Asp Val Ser Leu Lys Val Gly Gly Gly Leu Thr 
35 40 45 

Val Glu Gin Asp Ser Gly Asn Leu Lys Val Asn Thr Lys Ala Pro Leu 
50 55 60 

25 Gin Val Ala Ala Asp Lys Gin Leu Glu lie Ala Leu Ala Asp Pro Phe 

65 70 75 80 

Glu Val Ser Lys Gly Arg Leu Gly He Lys Ala Gly His Gly Leu Lys 

85 90 95 



30 



35 



40 



45 



50 



55 



Val He Asp Asn Ser He Ser Gly Leu Glu Gly Leu Val Gly Thr Leu 

100 105 110 

Val Val Leu Thr Gly His Gly He Gly Thr Glu Asn Leu Leu Asn Asn 
115 120 125 

Asp Gly Ser Ser Arg Gly Val Gly He Asn Val Arg Leu Gly Lys Asp 
130 135 140 

Gly Gly Leu Ser Phe Asp Lys Lys Gly Asp Leu Val Ala Trp Asn Lys 
145 150 155 160 

Lys Tyr Asp Thr Arg Thr Leu Trp Thr Thr Pro Asp Pro Ser Pro Asn 

165 170 175 

Cys Lys Val He Glu Ala Lys Asp Ser Lys Leu Thr Leu Val Leu Thr 

180 185 190 

Lys Cys Gly Ser Gin He Leu Ala Asn Met Ser Leu Leu He Leu Lys 
195 200 205 

Gly Thr Tyr Glu Tyr He Ser Asn Ala He Ala Asn Lys Ser Phe Thr 
210 215 220 

He Lys Leu Leu Phe Asn Asp Lys Gly Val Leu Met Asp Gly Ser Ser 
225 230 235 240 

Leu Asp Lys Asp Tyr Trp Asn Tyr Lys Ser Asp Asp Ser Val Met Ser 

245 250 255 
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Lvs Ala Tyr Glu Asn Ala Val Pro Phe Met Pro Asn Leu Lys Ala Tyr 
260 265 270 

Pro Asn Pro Thr Thr Ser Thr Thr Asn Pro Ser Thr Asp Lys Lys Ser 
2 1S 280 285 

Asn Gly Lys Asn Ala lie Val Ser Asn Val Tyr Leu Glu Gly Arg Ala 
290 295 300 

Tyr Gin Pro Val Ala He Thr He Thr Phe Asn Lys Glu Thr Gly Cys 



305 



310 



315 



Thr Tyr Ser Met Thr Phe Asp Phe Gly Trp Ser Lys Val Tyr Asn Asp 



325 



330 



Pro He Pro Phe Asp Thr Ser Ser Leu Thr 
340 345 



<210> 36 
<211> 390 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) (390) 

<223> /note= H Serotype 24 fiber protein" 

Ser°Cys 6 Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
1 5 10 15 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 
y 20 25 30 

Glv Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro He Ala He Thr Asn Gly Asp Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Val Glu Lys Asp Ser Gly Asn Leu Lys Val Asn 

85 90 95 

Pro Lys Ala Pro Leu Gin Val Thr Thr Asp Lys Gin Leu Glu He Ala 
100 105 HO 

Leu Ala Tyr Pro Phe Glu Val Ser Asn Gly Lys Leu Gly He Lys Ala 
115 120 125 

Gly His Gly Leu Lys Val He Asp Lys He Ala Gly Leu Glu Gly Leu 
130 135 140 

Ala Gly Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Glu Asn 
145 150 155 160 
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Leu Glu Asn Ser Asp Gly Ser Ser Arg Gly Val Gly He Asn Val Arg 

165 170 175 

Leu Ala Lys Asp Gly Gly Leu Ser Phe Asp Lys Lys Gly Asp Leu Val 

180 185 190 

Ala Trp Asn Lys His Asp Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp 
. 195 200 205 

Pro Ser Pro Asn Cys Thr He Asp Gin Glu Arg Asp Ser Lys Leu Thr 
210 215 220 

Leu Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser Leu 
225 230 235 240 

■ 

Leu Val Val Lys Gly Lys Phe Ser Asn He Asn Asn Asn Thr Asn Pro 

245 250 255 

Thr Asp Lys Lys He Thr Val Lys Leu Leu Phe Asn Glu Lys Gly Val 

260 265 270 

Leu Met Asp Ser Ser Thr Leu Lys Lys Glu Tyr Trp Asn Tyr Arg Asn 
275 280 285 

Asp Asn Ser Thr Val Ser Gin Ala Tyr Asp Asn Ala Val Pro Phe Met 
290 295 300 

Pro Asn He Lys Ala Tyr Pro Lys Pro Thr Thr Asp Thr Ser Ala Lys 
305 310 315 . 320 

Pro Glu Asp Lys Lys Ser Ala Ala Lys Arg Tyr He Val Ser Asn Val 

325 330 335 

Tyr He Gly Gly Leu Pro Asp Lys Thr Val Val He Thr He Lys Phe 

340 345 350 

Asn Ala Glu Thr Glu Cys Ala Tyr Ser He Thr Phe Glu Phe Thr Trp 
355 360 365 

Ala Lys Thr Phe Glu Asp Val Gin Phe Asp Ser Ser Ser Phe Thr Phe 
370 375 380 

Ser Tyr He Ala Gin Glu 
385 390 



<210> 37 

<211> 375 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1)..(375) 

<223> /note=* , Serotype 25 fiber protein" 
<400> 37 

Ser Cys Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
1 5 10 15 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

25 30 



20 



Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val 
35 40 « 

Ser Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 



50 



Leu Ala Asp Pro lie Thr He Ser Asn Gly Asp Val Ser Leu Lys Val 



65 



70 



75 



Gly Gly Gly Leu Thr Val Glu Gin Asp Ser Gly Asn Leu Ser Val Asn 

85 

Ala Pro Leu Gin Val Gly Thr Asp Lys Lys Leu Glu Leu Ala 



Pro Lys 



100 



105 



110 



Leu Ala Pro Pro 
115 



Phe Asn Val Lys Asp Asn Lys Leu Asp Leu Leu Val 



120 



125 



Gly Asp Gly Leu Lys Val He Asp Lys Ser lie Ser Xaa Leu Pro Gly 

135 140 



130 



leu Leu Asn Tyr Leu Val Val Leu Thr Gly Lys Gly He Gly Asn Glu 
145 155 

Leu Lys Asn Asp Asp Gly Ser Asn Lys Gly Val Gly Leu Cys Val 



Glu 



165 



170 



Arg lie Gly Glu Gly Gly Gly Leu Thr Phe Asp Asp Lys Gly Tyr Leu 

180 185 

Val Ala Trp Asn Lys Lys His Asp He Arg Thr Leu Trp Thr Thr Leu 
195 200 205 

Asp Pro Ser Pro Asn Cys Arg He Asp Val Asp Lys Asp Ser Lys Leu 
210 215 • 220 

Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser 



Thr Leu 
225 



230 



235 



240 



Leu Leu Val Val Lys Gly Arg Phe Gin Asn Leu Asn Tyr Lys Thr Asn 



245 250 255 



Pro Asn Leu Pro Lys Thr Phe Thr He Lys Leu Leu Phe Asp Glu Asn 
260 265 270 

Gly He Leu Lys Asp Ser Ser Asn Leu Asp Lys Asn Tyr Trp Asn Tyr 



275 



280 



Arg Asn Gly Asn Ser He Leu Ala Glu Gin Tyr Lys Asn Ala Val Gly 



290 295 300 



Phe Met 
305 



Pro Asn Leu Ala Ala Tyr Pro Lys Ser Thr Thr Thr Gin Ser 



310 



315 



320 



Lys Leu Tyr Ala Arg Asn Thr He Phe Gly Asn lie Tyr Leu Asp Ser 

325 330 
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Gin Ala Tyr Asn Pro Val Val lie Lys He Thr Phe Asn Gin Glu Ala 

340 345 350 

Asp Ser Ala Tyr Ser lie Thr Leu Asn Tyr Ser Trp Gly Lys Asp Tyr 
355 360 365 

Glu Asn lie Pro Phe Asp Ser 
370 375 



<210> 38 
<211> 335 
<212> PRT 
<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1) . . (335) 

<223> /note« w Serotype 27 fiber protein" 
<400> 38 

lie Pro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe Lys Asn 
1 5 10 15 

Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro lie Thr lie 

20 25 30 

Thr Asn Gly Asp Val Ser Leu Lys Val Gly Gly Gly Leu Val Val Glu 
35 40 45 

Lys Glu Ser Gly Lys Leu Ser Val Asp Pro Lys Thr Pro Leu Gin Val 
50 55 60 

Ala Ser Asp Asn Lys Leu Glu Leu Ser Tyr Asn Ala Pro Phe Lys Val 
65 70 75 80 

Glu Asn Asp Lys Leu Ser Leu Asp Val Gly His Gly Leu Lys Val lie 

85 90 95 

Gly Asn Glu Val Ser Ser Leu Pro Gly Leu lie Asn Lys Leu Val Val 

100 105 110 

Leu Thr Gly Lys Gly He Gly Thr Glu Glu Leu Lys Glu Gin Asn Ser 
115 " 120 125 

Asp Lys He He Gly Val Gly He Asn Val Arg Ala Arg Gly Gly Leu 
130 135 140 

Ser Phe Asp Asn Asp Gly Tyr Leu Val Ala Trp Asn Pro Lys Tyr Asp 
145 150 155 160 

Thr Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys Lys Met 

165 170 175 

Leu Thr Lys Lys Asp Ser Lys Leu Thr Leu Thr Leu Thr Lys Cys Gly 

180 185 190 

Ser Gin He Leu Gly Asn Val Ser Leu Leu Ala Val Ser Gly Lys Tyr 
195 200 205 
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Leu Asn Met Thr Lys Asp Glu Thr Gly Val Lys He lie Leu Leu Ehe 
210 215 220 

Asp Arg Asn Gly Val Leu Met Gin Glu Ser Set Leu Asp Lys Glu Tyr 
225. 230 235 

Trp Asn Tyr Arg Asn Asp Asn Asn Val lie Gly Thr Pro Tyr Glu Asn 

245 250 " a 

Ala Val Gly Phe Met Pro Asn Leu Val Ala Tyr Pro Lys Pro Thr Ser 

260 265 270 

Ala Asp Ala Lys Asn Tyr Ser Arg Ser Lys He He Ser Asn Val Tyr 
275 280 285 

Leu Lys Gly Leu lie Tyr Gin Pro Val He lie lie Ala Ser Phe Asn 
290 295 30° 

Gin Glu Thr Thr Asn Gly Cys Val Tyr Ser lie Ser Phe Asp Phe Thr 
305 31° 315 

Cys Ser Lys Asp Tyr Thr Gly Gin Gin Phe Asp Val Thr Ser Phe 

32 5 



<210> 39 
<211> 374 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (l)-.(374) 

<223> /note="Serotype 28 fiber protein 

Ser°Cys 9 Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
1 5 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 

Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 

50 55 

Leu Ala Asp Pro He Thr He Ala Asn Gly Asp Val Ser Leu Lys Leu 

65 70 75 

Gly Gly Gly Leu Thr Val Glu Lys Glu Ser Gly Asn Leu Thr Val Asn 

85 90 

Pro Lys Ala Pro Leu Gin Val Ala Ser Gly Gin Leu Glu Leu Ala Tyr 
100 105 1 

Tvr Ser Pro Phe Asp Val Lys Asn Asn Met Leu Thr Leu Lys Ala Gly 
115 I 20 ' 125 
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His Gly Leu Ala Val Val Thr Lys Asp Asn Thr Asp Leu Gin Pro Leu 
130 135 140 

Met Gly Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Thr Gly Thr 
145 150 155 160 

• 

Ser Ala His Gly Gly Thr He Asp Val Arg He Gly Lys Asn Gly Ser 

165 170 175 

Leu Ala Phe Asp Lys Asn Gly Asp Leu Val Ala Trp Asp Lys Glu Asn 

180 ~ 185 190 

Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser Pro Asn Cys Lys 
195 200 205 

Met Ser Glu Val Lys Asp Ser Lys Leu Thr Leu He Leu Thr Lys Cys 
210 215 220 

Gly Ser Gin He Leu Gly Ser Val Ser Leu Leu Ala Val Lys Gly Glu 
225 230 235 240 

Tyr Gin Asn Met Thr Ala Ser Thr Asn Lys Asn Val Lys He Thr Leu 

245 250 255 

Leu Phe Asp Ala Asn Gly Val Leu Leu Glu Gly Ser Ser Leu Asp Lys 

260 265 270 

Glu Tyr Trp Asn Phe Arg Asn Asn Asp Ser Thr Val Ser Gly Lys Tyr 
275 280 . 285 

Glu Asn Ala Val Pro Phe Met Pro Asn He Thr Ala Tyr Lys Pro Val 
290 295 300 

Asn Ser Lys Ser Tyr Ala Arg Ser His He Phe Gly Asn Val Tyr He 
305 310 315 320 

Asp Ala Lys Pro Tyr Asn Pro Val Val He Lys He Ser Phe Asn Gin 

325 330 335 

Glu Thr Gin Asn Asn Cys Val Tyr Ser He Ser Phe Asp Tyr Thr Cys 

340 345 350 

Ser Lys Glu Tyr Thr Gly Met Gin Phe Asp Val Thr Ser Phe Thr Phe 
355 360 365 



Ser Tyr He Ala Gin Glu 
370 



<210> 40 

<211> 343 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1) . . (343) 

<223> /note= n Serotype 29 fiber protein" 
<400> 40 
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Gin Asn lie Pro the Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe 
15 10 15 

Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro He 

20 25 30 

Ala lie Thr Asn Gly Asp Val Ser Leu Lys Val Gly Gly Gly Leu Thr 
35 «° 45 

Val Glu Gin Asp Ser Gly Asn Leu Ser Val Asn Pro Lys Ala Pro Leu 
50 55 60 

Gin Val Gly Thr Asp Lys Lys Leu Glu Leu Ala Leu Ala Pro Pro Phe 



65 



70 



75 



Asp Val Arg Asp Asn Lys Leu Ala lie Leu Val Gly Asp Gly Leu Lys 

85 90 95 

Val lie Asp Arg Ser lie Ser Asp Leu Pro Gly Leu Leu Asn Tyr Leu 

100 IO 5 110 

Val Val Leu Thr Gly Lys Gly lie Gly Asn Glu Glu Leu Lys Asn Asp 
u5 120 125 

Asp Gly Ser Asn Lys Gly Val Gly Leu Cys Val Arg lie Gly Glu Gly 

130 135 14 

Gly Gly Leu Thr Phe Asp Asp Lys Gly Tyr Leu Val Ala Trp Asn Asn 

1 03 



145 



150 



Lys His Asp lie Arg Thr Leu Trp Thr Thr Leu Asp Pro Ser Pro Asn 



165 



170 



Cys Lys lie Asp He Glu Lys Asp Ser Lys Leu Thr Leu Val Leu Thr 



180 



185 



Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser Leu lie lie Val Asn 
Gly Lys Phe Lys lie Leu Asn Asn Lys Thr Asp Pro Ser Leu Pro Lys 



210 



215 



Ser Phe Asn lie Lys Leu Leu Phe Asp Gin Asn Gly Val Leu Leu Glu 

**■ *** 2 3 o : ' d 



225 



230 



240 



Asn Ser Asn He Glu Lys Gin Tyr Leu Asn Phe Arg Ser Gly Asp Ser 

245 250 "D 

lie Leu Pro Glu Pro Tyr Lys Asn Ala He Gly Phe Met Pro Asn Leu 

260 265 2 

Leu Ala Tyr Ala Lys Ala Thr Thr Asp Gin Ser Lys lie Tyr Ala Arg 
275 280 285 

Asn Thr He Tyr Gly Asn lie Tyr Leu Asp Asn Gin Pro Tyr Asn Pro 
290 295 3 »<> 

Val Val He Lys He Thr Phe Asn Asn Glu Ala Asp Ser Ala Tyr Ser 
305 3 1° 315 

He Thr Phe Asn Tyr Ser Trp Thr Lys Asp Tyr Asp Asn He Pro Phe 
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325 330 335 



Asp Ser Thr Ser Phe Thr Ser 

340 



<210> 41 
<211> 386 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) (386) 

<223> /note*= n Serotype 30 fiber protein" 
<400> 41 

Ser Cys Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
1 - 5 10 15 

Lys Arg Aia Arg Pro Ser Xaa Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Xaa Thr Pro Pro Phe Val 
35 40 45 

Xaa Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 . 60 

Leu Ala Asp Pro He Ala He Thr Asn Gly Asp Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Val Glu Gin Asp Ser Gly Asn Leu Ser Val Asn 

85 90 95 

Xaa Lys Ala Pro Leu Gin Val Gly Thr Asp Lys Lys Leu Glu Leu Ala 

100 105 110 

Leu Ala Pro Pro Phe Asp Val Arg Asp Asn Lys Leu Ala He Leu Val 
115 120 125 

Gly Asp Gly Leu Lys Val He Asp Arg Ser He Ser Asp Leu Pro Gly 
130 135 140 

Leu Leu Asn tyr Leu Val Val Xaa Thr Gly Lys Gly He Gly Asn Glu 
145 150 155 160 

Glu Leu Lys Asn Asp Asp Gly Ser Asn Lys Gly Val Gly Leu Cys Val. 

165 170 175 

Arg lie Gly Glu Gly Gly Gly Leu Thr Xaa Asp Asp Lys Gly Tyr Leu 

180 185 190 

Val Ala Trp Asn Asn Lys His Asp He Arg Thr Leu Trp Thr Thr Leu 
195 200 205 

Asp Pro Ser Pro Asn Cys Lys He Asp He Glu Lys Asp Ser Lys Leu 
210 215 220 

Thr Leu Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser 
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225 



230 



235 



240 



Leu lie He Val Asn Gly Lys Phe Lys He Leu Asn Asn Lys Thr Asp 

245 250 255 

Pro Ser Leu Pro Lys Ser Phe Asn He Lys Leu Leu Phe Asp Gin Asn 

260 265 210 

Gly Val Leu Leu Glu Asn Ser Asn He Glu Lys Gin Tyr Leu Asn Phe 
275 280 285 

Arg Ser Gly Asp Ser He Leu Pro Glu Pro Tyr Lys Asn Ala He Gly 
290 295 300 

Phe Met Pro Asn Leu Leu Ala Tyr Ala Lys Ala Thr Thr Asp Gin Ser 
305 310 315 320 

Lvs He Tyr Ala Arg Asn Thr He Tyr Gly Asn He Tyr Leu Asp Asn 

325 330 335 

Gin Pro Tyr Asn Pro Val Val He Lys He Thr Phe Asn Asn Glu Ala 

340 345 350 

Asp Ser Ala Tyr Ser He Thr Phe Asn Tyr Ser Trp Thr Lys Asp Tyr 
355 360 365 

Asp Asn He Pro Phe Asp Ser Thr Ser Phe Thr Phe Ser Tyr He Ala 
370 375 380 



Gin Glu 
385 



<210> 42 
<211> 391 
<212> P*T 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1).. (391) 

<223> /note= H Serotype 32 fiber protein" 
<400> 42 

Ser Cys Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
15 10 15 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 * 55 60 

Leu Ala Asp Pro He Thr He Ala Asn Gly Asn Val Ser Leu Lys Val 
65 70 IS 80 

Gly Gly Gly Leu Thr Leu Glu Gin Asp Ser Gly Lys Leu He Val Asn 
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85 



90 



95 



10 



Pro Lys Ala Pro Leu Gin Val Ala Asn Asp Lys Leu Glu Leu Ser Tyr 

100 105 110 

Ala Asp Pro Phe Glu Thr Ser Ala Asn Lys Leu Ser Leu Lys Val Gly 
115 120 125 

His Gly Leu Lys Val Leu Asp Glu Lys Asn Ala Gly Gly Leu Lys Asp 
130 135 " 140 

Leu He Gly Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Val Glu 
145 " 150 . 155 160 



15 



Glu Leu Lys Asn Ala Asp Asn Thr Asn Arg Gly Val Gly He Asn Val 

165 170 175 



Arg Leu Gly Lys Asp Gly Gly Leu Ser Phe Asp Lys Lys Gly Asp Leu 

180 185 190 



20 



Val Ala Trp Asn Lys His Asp Asp Arg Arg Thr Leu Trp Thr Thr Pro 
195 200 205 



25 



Asp Pro Ser Pro Asn Cys Thr He Asp Glu Glu Arg Asp Ser Lys Leu 
210 215 220 

Thr Leu Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser 
225 230 235 240 



30 



Leu Leu Val Val Lys Gly Lys Phe Ser Asn He Asn Asn Asn Thr Asn 

245 ^ 250 . 255 

Pro Thr Asp Lys Lys He Thr Val Lys Leu Leu Phe Asn Glu Lys Gly 

260 265 270 



35 



40 



Val Leu Met Asp Ser Ser Ser Leu Lys Lys Glu Tyr Trp Asn Tyr Arg 
275 " 280 285 

Asn Asp Asn Ser Thr Val Ser Gin Ala Tyr Asp Asn Ala Val Pro Phe 
290 295 300 

Met Pro Asn He Lys Ala Tyr Pro Lys Pro Thr Thr Asp Thr Ser Ala 
305 310 315 320 

Lys Pro Glu Asp Lys Lys Ser Ala Ala Lys Arg Tyr He Val Ser Asn 

325 330 335 



45 



Val Tyr He Gly Gly Leu Pro Asp Lys Thr Val Val He Thr He Lys 

340 345 350 



Leu Asn Ala Glu Thr Glu Ser Ala Tyr Ser Met Thr Phe Glu Phe Thr 
355 360 365 



50 



Trp Ala Lys Thr Phe Glu Asn Leu Gin Phe Asp Ser Ser Ser Phe Thr 
370 375 380 



Phe Ser Tyr He Ala Gin Glu 
385 390 



55 



47 



EP 1 067 188 A1 



<210> 43 

<211> 390 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1).. (390) 

<223> /note= M Serotype 33 fiber protein 

SerVs'ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
X 5 10 X * 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 

Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val 
35 40 « 

Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro lie Thr lie Thr Asn Gly Asp Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Leu Gin Glu Gly Ser Leu Thr Val Asn Pro Lys 

85 ^0 

Ala Pro Leu Gin Leu Ala Asn Asp Lys Lys Leu Glu Leu Val Tyr Asp 

100 105 HO 

Asd Pro Phe Glu Val Ser Thr Asn Lys Leu Ser Leu Lys Val Gly His 
115 120 125 

Gly Leu Lys Val Leu Asp Asp Lys Ser Ala Gly Gly Leu Gin Asp Leu 
130 i35 140 

lie Gly Lys Leu Val Val Leu Thr Gly Lys Gly lie Gly lie Glu Asn 
145 150 

Leu Gin Asn Asp Asp Gly Ser Ser Arg Gly Val Gly He Asn Val Arg 

165 I 70 175 

leu Gly Thr Asp Gly Gly Leu Ser Phe Asp Arg Lys Gly Glu Leu Val 

180 185 

Ala Trp Asn Arg Lys Asp Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp 
195 200 205 

Pro Ser Pro Asn Cys Lys Ala Glu Thr Glu Lys Asp Ser Lys Leu Thr 
210 215 220 

Leu Val Leu Thr Lys Cys Gly Ser Gin lie Leu Ala Thr Val Ser lie 
225 2 

lie Val Leu Lys Gly Lys Tyr Glu Phe Val Lys Lys Glu Thr Glu Pro 

245 250 255 

Lys Ser Phe Asp Val Lys Leu Leu Phe Asp Ser Lys Gly Val Leu Leu 

260 2 65 2/0 
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Pro Thr Ser Asn Leu Ser Lys Glu Tyr Trp Asn Tyr Arg Ser Tyr Asp 
275 280 285 

Asn Asn lie Gly Thr Pro Tyr Glu Asn Ala Val Pro Phe Met Pro Asn 
290 295 300 

Leu Lys Ala Tyr Pro Lys Pro Thr Lys Thr Ala Ser Asp Lys Ala Glu 
305 310 315 320 

Asn Lys lie Ser Ser Ala Lys Asn Lys He Val Ser Asn Phe Tyr Phe 

325 330 335 

Gly Gly Gin Ala Tyr Gin Pro Gly Thr He lie He Lys Phe Asn Glu 

340 345 350 

■ * 

Glu lie. Asp Glu Thr Cys Ala Tyr Ser lie Thr Phe Asn Phe Gly Trp 
355 360 365 

Gly Lys Val Tyr Asp Asn Pro Phe Pro Phe Asp Thr Thr Ser Phe Thr 
370 375 380 

Phe ser Tyr He Ala Gin Glu 
385 390 



<210> 44 
<211> 337 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) .'. (337) 
<223> /note=" Serotype 34 fiber protein 



ii 



<400> 44 

Ser Cys Ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
1 5 10 15 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

Glu Asp Glu Ser Thr Ser Gin His Pro Phe He Asn Pro Gly Phe He 
35 40 45 

Ser Pro Asn Gly Phe Thr Gin Ser Pro Asp Gly Val Leu Thr Leu Lys 
50 55 60 

Cys Leu Thr Pro Leu Thr Thr Thr Gly Gly Ser Leu Gin Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Val Asp Asp Thr Asp Gly Thr Leu Gin Lys Asn 

85 90 95 

He Arg Ala Thr Thr Pro lie Thr Lys Asn Asn His Ser Val Glu Leu 

100 105 110 

Thr He Gly Asn Gly Leu Glu Thr Gin His Asn Lys Leu Cys Ala Lys 
115 120 125 
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Leu Gly Asn Gly Leu Lys Phe Asn Asn Gly Asp lie Cys He Lys Asp 



130 135 "0 

Ser lie Asn Thr Leu Trp Thr Gly He Asn Pro Pro Pro Asn Cys Gin 
145 15° 

He Val Glu Asn Thr Asn Thr Asn Asp Gly Lys Leu Thr Leu Val Leu 

165 170 

Val Lys Asn Gly Gly Leu Val Asn Gly Tyr Val Ser Leu Val Gly Val 

180 i8S 

Ser Asp Thr Val Asn Gin Met Phe Thr Gin Lys Thr Ala Asn lie Gin 
195 200 205 

Leu Arg Leu Tyr Phe Asp Ser Ser Gly Asn Leu Leu Thr Asp Glu Ser 
210 215 220 

Asp Leu Lys lie Pro Leu Lys Asn Lys Ser Ser Thr Ala Thr Ser Glu 
225 230 235 

Thr Val Ala Ser Ser Lys Ala Phe Met Pro Ser Thr Thr Ala Tyr Pro 

Phe Asn Thr Thr Thr Arg Asp Ser Glu Asn Tyr lie His Gly lie Cys 

260 265 270 

Tyr Tyr Met Thr Ser Tyr Asp Arg Ser Leu Phe Pro Leu Asn lie Ser 
275 280 285 

lie Met Leu Asn Ser Arg Met lie Ser Ser Asn Val Ala Tyr Ala lie 
290 295 300 

Gin Phe Glu Trp Asn Leu Asn Ala Ser Glu Ser Pro Glu Lys Gin His 
305 



310 315 320 



Met Thr Leu Thr Thr Ser Pro Phe Phe Phe Ser Tyr lie He Glu Asp 

325 330 335 

Asp Asn 



<210> 45 
<211> 337 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) {337) 

<223> /note="Serotype 35 fiber protein 
<400> 45 



Ser Cys Ser Cys Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met 
1 5 10 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 
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Glu Asp Glu Ser Thr Ser Gin His Pro Phe He Asn Pro Gly Phe He 
35 40 45 

Ser Pro Asn Gly Phe Thr Gin Ser Pro Asp Gly Val Leu Thr Leu Lys 
50 55 60 

Cys Leu Thr Pro Leu Thr Thr Thr Gly Gly Ser Leu Gin Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Val Asp Asp Thr Asp Gly Thr Leu Gin Glu Asn 

85 90 95 

He Arg Ala Thr Ala Pro lie Thr Lys Asn Asn His Ser Val Glu Leu 

100 105 110 

Ser He. Gly Asn Gly Leu Glu Thr Gin Asn Asn Lys Leu Cys Ala Lys 
115 120 125 

Leu Gly Asn Gly Leu Lys Phe Asn Asn Gly Asp He Cys He Lys Asp 
130 135 . 140 

Ser He Asn Thr Leu Trp Thr Gly He Asn Pro Pro Pro Asn Cys Gin 
145 150 155 160 

He Val Glu Asn Thr Asn Thr Asn Asp Gly Lys Leu Thr Leu Val Leu 

165 170 175 

Val Lys Asn Gly Gly Leu Val Asn Gly Tyr Val Ser Leu Val Gly Val 

1B0 185 190 

Ser Asp Thr Val Asn Gin Met Phe Thr Gin Lys Thr Ala Asn He Gin 
195 200 205 

Leu Arg Leu Tyr Phe Asp Ser Ser Gly Asn Leu Leu Thr Glu Glu Ser 
210 215 220 

Asp Leu Lys lie Pro Leu Lys Asn Lys Ser Ser Thr Ala Thr Ser Glu 
225 230 235 240 

Thr Val Ala Ser Ser Lys Ala Phe Met Pro Ser Thr Thr Ala Tyr Pro 

245 250 255 

Phe Asn Thr Thr Thr Arg Asp Ser Glu Asn Tyr He His Gly He Cys 

260 265 . 270 

Tyr Tyr Met Thr Ser Tyr Asp Arg Ser Leu Phe Pro Leu Asn He Ser 
275 280 285 

He Met Leu Asn Ser Arg Met He Ser Ser Asn Val Ala Tyr Ala He 
290 295 300 

Gin Phe Glu Trp Asn Leu Asn Ala Ser Glu Ser Pro Glu Ser Asn He 
305 310 315 320 

Met Thr Leu Thr Thr Ser Pro Phe Phe Phe Ser Tyr He Thr Glu Asp 

325 330 335 



Asp Asn 
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<210> 46 
<211> 392 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1)..(392) 

<223> /note= w Serotype 36 fiber protein 

Ser°cyl 6 Ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
X 5 10 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 

Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe Val 
35 40 

Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro lie Ala lie Val Asn Gly Asp Val Ser Leu Lys Val 
65 70 75 80 

Glv Gly Gly Leu Thr Val Glu Gin Asp Ser Gly Lys Leu Lys Val Asn 

85 90 95 

Pro Lys He Pro Leu Gin Val Val Asn Asp Gin Leu Glu Leu Ala Thr 

100 i° 5 110 

Asp Lys Pro Phe Lys lie Glu Asn Asn Lys Leu Ala Leu Asp Val Gly 
115 120 125 

His Gly Leu Lys Val lie Asp Lys .Thr lie Ser Asp Leu Gin Gly Leu 

130 135 
Val Gly Lys Leu Val Val Leu Thr Gly Val Gly lie Gly Thr Glu Thr 
145 150 

Leu Lys Asp Lys Asn Asp Lys Val lie Gly Ser Ala Val Asn Val Arg 

165 170 

Leu Gly Lys Asp Gly Gly Leu Asp Phe Asn Lys Lys Gly Asp Leu Val 

180 185 

Ala Trp Asn Arg Tyr Asp Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp 
195 200 205 

Pro Ser Pro Asn Cys Lys Val Ser Glu Ala Lys Asp Ser Lys Leu Thr 
210 215 220 

Leu Val Leu Thr Lys Cys Gly Ser Gin lie Leu Ala Ser Val Ala Leu 
225 



230 235 240 



Leu lie Val Lys Gly Lys Tyr Gin Thr He Ser Glu Ser Thr lie Pro 

245 250 
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Lys Asp Gin Arg Asn Phe Ser Val Lys Leu Met Phe Asp Glu Lys Gly 

260 265 270 

Lys Leu Leu Asp Lys Ser Ser Leu Asp Lys Glu Tyr Trp Asn Phe Arg 
275 280 285 

Ser Asn Asp Ser Val Val Gly Thr Ala Tyr Asp Asn Ala Val Pro Phe 
290 295 " 300 

Met Pro Asn Leu Lys Ala Tyr Pro Lys Asn Thr Thr Thr Ser Ser Thr 
305 310 315 320 

Asn Pro Asp Asp Lys lie Ser Ala Gly Lys Lys Asn lie Val Ser Asn 

325 330 335 

Val Tyr Leu Glu Gly Arg Val Tyr Gin Pro Val Ala Leu Thr Val Lys 

340 345 350 

Phe Asn Ser Glu Asn Asp Cys Ala Tyr Ser lie Thr Phe Asp Phe Val 
355 360 365 

Trp Ser Lys Thr Tyr Glu Ser Pro Val Ala Phe Asp Ser Ser Ser Phe 
370 .375 380 

Thr Phe Ser Tyr lie Ala Gin Glu 



385 


390 


<210> 


47 


<211> 


380 


<212> 


PRT 


<213> 


adenoviridae 


<220> 




<221> 


VARIANT 


<222> 


.(!).. (380) 


<223> 


/note="Serotype 37 


<400> 


47 


Ser Cys Ser Cys Pro Ser 


1 


5 



10 ... 15 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 .30 

Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 * 55 60 

Leu Ala Asp Pro He Thr He Thr Asn Gly Asp Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Leu Gin Asp Gly Ser Leu Thr Val Asn Pro Lys 

85 90 95 

Ala Pro Leu Gin Val Asn Thr Asp Lys Lys Leu Glu Leu Ala Tyr Asp 

100 105 110 
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Asn Pro Phe Glu Ser Ser Ala Asn Lys Leu Ser Leu Lys Val Gly His 
115 120 125 

Gly Leu Lys Val Leu Asp Glu Lys Ser Ala Ala Gly Leu Lys Asp Leu 
130 135 I 40 

He Gly Lys Leu Val Val Leu Thr Gly Lys Gly lie Gly Thr Glu Asn 
145 150 I 55 

Leu Glu Asn Thr Asp Gly Ser Ser Arg Gly lie Gly lie Asn Val Arg 

165 I 70 

Ala Arg Glu Gly Leu Thr Phe Asp Asn Asp Gly Tyr Leu Val Ala Trp 

180 185 I 90 

Asn Pro Lys Tyr Asp Leu Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser 
ig 5 200 205 

Pro Asn Cys Thr He Ala Gin Asp Lys Asp Ser Lys Leu Thr Leu Val 
210 215 220 

Leu Thr Lys Cys Gly Ser Gin lie Leu Ala Asn val Ser Leu lie val 
225 230 

Val Ala Gly Lys Tyr His lie lie Asn Asn Lys Thr Asn Pro Lys He 

245 250 

Lys Ser Phe Thr He Lys Leu Leu Phe Asn Lys Asn Gly Val Leu Leu 

260 265 270 

Asp Asn Ser Asn Leu Gly Lys Ala Tyr Trp Asn Phe Arg Ser Gly Asn 
275 280 285 

Ser Asn Val Ser Thr Ala Tyr Glu Lys Ala He Gly Phe Met Pro Asn 
290 295 300 



Leu Val Ala Val Ser Lys Pro Ser Asn Ser Lys Lys Tyr Ala Arg Asp 
305 310 



315 320 



He Val Tyr Gly Asn lie Tyr Leu Gly Gly Lys Pro Asp Gin Pro Gly 

325 330 335 

Val He Lys Thr Thr Phe Asn Gin Glu Thr Gly cys Glu Tyr Ser He 

340 345 350 

Thr Phe Asn Phe Ser Trp Ser Lys Thr Tyr Glu Asn Val Glu Phe Glu 
355 360 365 

Thr Thr Ser Phe Thr Phe Ser Tyr He Ala Gin Glu 
370 375 380 



<210> 48 

<211> 391 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1)..(391) 
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<223> /note*" Serotype 38 fiber protein" 
<400> 48 

Ser Cys Ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
1 5 10 15 

Lys Arg: Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

Gly Tyr Ala Arg Asn Gin Asn He Pro Phe Xaa Thr Pro Pro Phe Val 
35 40 45 

Xaa Ser Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro He Thr He Ala Asn Gly Asn Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Leu Glu Gin Asp Ser Gly Lys Leu He Val Asn 

85 .90 95 

Xaa Lys Ala Pro Leu Gin Val Ala Asn Asp Lys Leu Glu Leu Ser Tyr 

100 105 HO 

Ala Asp Pro Phe Glu Thr Ser Ala Asn Lys Leu Ser Leu Lys Val Gly 
115 120 125 

His Gly Leu Lys Val Leu Asp Glu Lys Asn Ala Gly Gly Leu Lys Asp 
130 135 140 

Leu He Gly Thr Leu Val Val Leu Thr Gly Lys Gly He Gly Val Glu 
145 ' 150 155 160 

Glu Leu Lys Asn Ala Asp Asn Thr Asn Arg Gly Val Gly He Asn Val 

165 170 175 

Arg Leu Gly Lys Asp Gly Gly Leu Ser Phe Asp Lys Lys Gly Asp Xaa 

180 185 190 

Val Ala Trp Asn Lys His Asp Asp Axg Arg Thr Leu Trp Thr Thr Pro 
195 200 205 

Asp Pro Ser Pro Asn Cys Thr He Asp Glu Glu Arg Asp Ser Lys Leu 
210 215 220 

Thr Leu Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Asn Val Ser 
225 230 235 240 

Leu Leu Val Val Lys Gly Lys Phe Ser Asn He Asn Asn Asn Thr Ash 

245 ^ 250 255 

Pro Thr Asp Lys Lys He Thr Val Lys Leu Leu Phe Asn Glu Lys Gly 

260 ^ 265 270 

Val Leu Met Asp Ser Ser Ser Leu Lys Lys Glu Tyr Trp Asn Tyr Arg 
275 280 285 

Asn Asp Asn Ser Thr Val Ser Gin Ala Tyr Asp Asn Ala Val Pro Phe 
290 295 300 

Met Pro Asn He Lys Ala Tyr Pro Lys Pro Thr Thr Asp Thr Ser Ala 
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305 310 315 320 

Lys Pro Glu Asp Lys Lys Ser Ala Ala Lys Arg Tyr lie Val Ser Asn 

325 33 ** 

Val Tyr lie Gly Gly Leu Pro Asp Lys Thr Val Val lie Thr He Lys 



340 



345 



L eu Asn Ala Glu Thr Glu Ser Ala Tyr Ser Met Thr Phe Glu Phe Thr 
355 360 365 

Trp Ala Lys Thr Phe Glu Asn Leu Gin Phe Asp Ser Ser Ser Phe Thr 
370 375 

Phe Ser Tyr He Ala Gin Glu 
385 390 



<210> 49 
<211> 338 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 

<222> (1)..(338) . 
<223> /note="Serotype 39 fiber protean 

<400> 49 



lie Arg lie Ser Pro Ser Ser Leu Pro Pro Leu Ser Pro Pro Met Asp 
i 5 10 



Ser Lys Thr Ser Pro Leu Gly Cys Tyr His Ser Asn Trp Leu Thr Gin 

20 25 



Ser Pro Ser Pro Met Gly Met Ser His Ser Arg Trp Glu Gly Gly Ser 
35 40 « 

Pro Trp Gin Glu Gly Thr Gly Asp Leu Lys Val Asn Ala Lys Ser Pro 
SO 55 60 

Leu Gin Val Ala Thr Asn Lys Gin Leu Glu lie Ala Leu Ala Lys Pro 

Phe Glu Glu Lys Asp Gly Lys Leu Ala Leu Lys lie Gly His Gly Leu 

85 90 93 

Ala Val Val Asp Glu Asn His Thr His Leu Gin Ser Leu lie Gly Thr 

ioo . 105 11 

Val lie Leu Thr Gly Lys Gly He Gly Thr Gly Arg Ala Glu Ser 



Leu 

115 



120 125 



Gly Gly Thr lie Asp Val Arg Leu Gly Ser Gly Gly Gly Leu Ser Phe 



130 



135 



Asp Lys Asp Gly Asn Leu Val Ala Trp Asn Lys Asp Asp Asp Arg Arg 



145 



150 



Thr Leu Trp Thr Thr Pro Asp Pro Ser Pro Asn Cys Lys lie Asp Gin 
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165 170 175 

Asp Lys Asp Ser Lys Leu Thr Phe Val Leu Thr Lys Cys Gly Ser Gin 

180 185 190 

lie Leu Ala Asn Met Ser Leu Leu Val Val Lys Gly Lys Phe Ser Met 
195 200 205 

lie Asn Asn Lys Val Asn Gly Thr Asp Asp Tyr Lys Lys Phe Thr lie 
210 215 220 

Lys Leu Leu Phe Asp Glu Lys Gly Val Leu Leu Lys Asp Ser Ser Leu 
225 230 - 235 " . 240 

Asp Lys Glu Tyr Trp Asn Tyr Arg Ser Asn Asn Ash Asn Val Gly Ser 

245 250 255 

Ala Tyr Glu Glu Ala Val Gly Phe Met Pro Ser Thr Thr Ala Tyr Pro 

260 265 ; • 270 

Lys Pro Pro Thr Pro Pro Thr Asn Pro Thr Thr Pro Leu Glu Lys Ser 
275 280 285 

Gin Ala Lys Asn Lys Tyr Val Ser Asn Val Tyr Leu Gly Gly Gin Ala 
290 295 300 

Gly . Asn Pro Val Ala Thr Thr Val Ser Phe Asn Lys Glu Thr Gly Cys 
305 310 315 ~ 320 

Thr Tyr Ser lie Thr Phe Asp Phe Ala Trp Asn Lys Thr Tyr Glu Asn 

325 330 335 

Val Gin Cys 



<210> 50 
<211> 379 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) . . (379) 

<223> /note="Serotype 42 fiber protein" 
<400> 50 

Ser Cys Ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
1 5 10 15 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Ser Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asn Pro lie Ala lie Thr Asn Gly Asp Val Ser Leu Lys Val 
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65 



70 



75 



80 



Gly Gly Gly Leu Thr Leu Gin Asp Gly Thr Gly Lys Leu Thr lie Asp 



85 



90 



Thr Lys Thr Pro Leu Gin Val Ala Asn Asn Lys Leu Glu Leu Ala Phe 

105 H° 



100 



Asp 



Ala Pro Leu Tyr Glu Lys Asn Gly Lys Leu Ala Leu Lys Thr Gly 



115 



120 



125 



His Gly Leu Ala Val Leu Thr Lys Asp He Gly He Pro Glu Leu lie 

135 140 



130 



Gly Ser Leu Val lie Leu Thr Gly Lys Gly lie Gly Thr Gly Thr Val 



145 



150 



155 



Ala Gly Gly Gly Thr He Asp Val Arg Leu Gly Asp Asp Gly Gly Leu 

165 170 

Ser Phe Asp Lys Lys Gly Asp Leu Val Ala Trp Asn Lys Lys Asn Asp 

180 185 190 

Arg Arg Thr Leu Trp Thr Thr Pro Asp Pro Ser Pro Asn Cys Arg Val 
195 200 205 

Ser Glu Asp Lys Asp Ser Lys Leu Thr Leu He Leu Thr Lys Cys Gly 
210 215 220 

Ser Gin lie Leu Ala Ser Phe Ser Leu Leu Val Val Xaa Gly Thr Tyr 
225 230 235 240 

Thr Thr Val Asp Lys Asn Thr Thr Asn Lys Gin Phe Ser He Lys Leu 

245 250 255 

Leu Phe Asp Ala Asn Gly Lys Leu Lys Ser Glu Ser Asn Leu Ser Gly 

260 265 270 

Tyr Trp Asn Tyr Arg Ser Asp Asn Ser Val Val Ser Thr Pro Tyr Asp 
275 280 285 

Asn Ala Val Pro Phe Met Pro Asn Thr Thr Ala Tyr Pro Lys He He 

295 300 



290 

Asn Ser Thr Thr Asp Pro Glu Asn Lys Lys Ser Ser Ala Lys Lys Thr 
305 310 315 320 



He Val Gly Asn Val Tyr Leu Glu Gly Asn Ala Gly Gin Pro Val Ala 

325 330 335 

Val Ala He Ser Phe Asn Lys Glu Thr Thr Ala Asp Tyr Ser He Thr 

340 345 350 

Phe Asp Phe Ala Trp Ser Lys Ala Tyr Glu Thr Pro Val Pro Phe Asp 
355 360 365 

Thr Ser Ser Met Thr Phe Ser Tyr He Ala Gin Glu 
370 375 380 
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<210> 51 
<211> 328 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1)..{328) 

<223> /note="Serotype 43 fiber protein" 
<400> 51 

Asn He Pro Xaa Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe Lys 
15 10 15 

Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro He Thr 

20 25 30 

He Thr Asn Gly Asp Val Ser Leu Lys Val Gly Gly Gly Leu Thr Val 
35 40 45 

Glu Lys Glu Ser Gly Asn Leu Thr Val Asn Pro Lys Ala Pro Leu Gin 
50 55 €0 

Val Ala Lys Gly Gin Leu Glu Leu Ala Tyr Asp Ser Pro Phe Asp Val 
65 *" 70 75 80 

Lys Asn Asn Met Leu Thr Leu Lys Ala Gly His Gly Leu Ala Val Val 

85 90 95 

Thr Lys Asp Asn Thr Asp Leu Gin Pro Leu Met Gly Thr Leu Val Val 

100 105 110 

Leu Thr Gly Lys Gly lie Gly Thr Gly Thr Ser Ala His Gly Gly Thr 
115 120 125 

He Asp Val Arg He Gly Lys Asn Gly Ser Leu Ala Phe Asp Lys Asp 
130 " 135 .140 

i 

Gly Asp Leu Val Ala Trp Asp Lys Glu Asn Asp Arg Arg Thr Leu Trp 
145 150 155 160 

Thr Thr Pro Asp Thr Ser Pro Asn Cys Lys Met Ser Glu Ala Lys Asp 

165 170 175 

Ser Lys Leu Thr Leu He Leu Thr Lys Cys Gly Ser Gin lie Leu Gly 

180 185 190 

Ser Val Ser Leu Leu Ala Val Lys Gly Glu Tyr Gin Asn Met Thr Ala 
195 200 205 

Asn Thr Lys Lys Asn Val Lys He Thr Leu Leu Phe Asp Ala Asn Gly 
210 215 220 

Val Leu Leu Ala Gly Ser Ser Xaa Xaa Lys Glu Tyr Trp Asn Phe Arg 
225 230 235 240 

Ser Asn Asp Ser Thr Val Ser Gly Asn Tyr Glu Asn Ala Val Gin Phe 

245. 250 255 

Met Pro Asn He Thr Ala Tyr Lys Pro Thr Asn Ser Lys Ser Tyr Ala 

260 265 270 
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Arg Ser Val He Phe Gly Asn Val Tyr lie Asp Ala Lys Pro Tyr Asn 



275 



280 



Pro 



Val Val He Lys lie Ser Phe Asn Gin Glu Thr Gin Asn Asn Cys 



290 



295 



300 



Val Tyr Ser lie Ser Phe Asp Tyr Thr Leu Ser Lys Asp Tyr Pro Asn 



305 



310 



Met Gin Phe Asp Val Thr Leu Ser 

325 



<210> 52 
<211> 341 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1) ..(341) 

<223> /note= w Serotype 44 fiber protein 

rSlfpro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe Gin 
I 5 10 ^ 

Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro lie Thr 

20 25 

He Thr Asn Gly Asn Val Ser Leu Lys Val Gly Gly Gly Leu Thr Leu 
35 40 45 

Gin Glu Gly Thr Gly Asp Leu Lys Val Asn Ala Lys Ser Pro Leu Gin 
50 55 60 

Val Ala Thr Asn Lys Gin Leu Glu lie Ala Leu Ala Lys Pro Phe Glu 
65 70 />5 

Glu Lys Asp Gly Lys Leu Ala Leu Lys lie Gly His Gly Leu Ala Val 

85 90 

Val Asp Glu Asn His Thr His Leu Gin Ser Leu lie Gly Thr Leu Val 

100 105 

lie Leu Thr Gly Lys Gly lie Gly Thr Gly Ser Ala Glu Ser Gly Gly 
115 120 " 3 

Thr lie Asp Val Arg Leu Gly Ser Gly Gly Gly Leu Ser Phe Asp Lys 
130 135 1*° 

Asp Gly Asn Leu Val Ala Trp Asn Lys Asp Asp Asp Arg Arg Thr Leu 

" — " x. 3 3 



145 



150 



Trp Thr Thr Pro Asp Pro Ser Pro Asn Cys Lys He Asp Gin Asp Lys 



165 



Asp Ser Lys Leu Thr Phe Val Leu Thr Lys Cys Gly Ser Gin lie Leu 
J * ~ 185 I 90 



180 
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Ala Asn Met Ser Leu Leu Val Val Lys Gly Lys Phe Ser Met lie Asn 
195 200 205 

Asn Lys Val Asn Gly Thr Asp Asp Tyr Lys Lys Phe Thr lie Lys Leu 
210 215 220 

Leu Phe Asp Glu Lys Gly Val Leu Leu Lys Asp Ser Ser Leu Asp Lys 
225 230 235 240 

Glu Tyr Trp Asn Tyr Arg Ser Asn Asn Asn Asn Val Gly Ser Ala Tyr 

245 250 255 

Glu Glu Ala Val Gly Phe Met Pro Ser Thr Thr Ala Tyr Pro Lys Pro 

260 265 270 

Pro Thr Pro Pro Thr Asn Pro Thr Thr Pro Leu Glu Lys Ser Gin Ala 
275 280 285 

Lys Asn Lys Tyr Val Ser Asn Val Tyr Leu Gly Gly Gin Ala Gly Asn 
290 295 300 

Pro Val Ala Thr Thr Val Ser Phe Asn Lys Glu Thr Gly Cys Thr Tyr 
305 310 315 320 

Ser He Thr Phe Asp Phe Ala Trp Asn Lys Thr Tyr Glu Asn Val Gin 

325 330 335 

Phe Asp Ser Ser Phe 
. 340 



<210> 53 
<211> 345 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT • 
<222> (1) (345) 

<223>. /note="Serotype 45 fiber protein" 
<400> 53 

Asn He Pro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe Gin 
1 5 .10 15 

Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro He Ala 

20 25 30 

He Thr Asn Gly Asp Val Ser Leu Lys Val Gly Gly Gly Leu Thr Val 
35 40 45 

Glu Lys Asp Ser Gly Asn Leu Lys Val Asn Pro Lys Ala Pro Leu Gin 
50 ' 55 60 

Val Thr Thr Asp Lys Gin Leu Glu He Ala Leu Ala Tyr Pro Phe Glu 
65 70 75. 80 

Val Ser Asn Gly Lys Leu Gly He Lys Ala Gly His Gly Leu Lys Val 

85 90 95 
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lie Asp Lys lie Ala Gly Leu Glu Gly Leu Ala Gly Thr Leu Val Val 



100 



105 



Leu Thr Gly Lys Gly lie Gly Thr Glu Asn Leu Glu Asn Ser Asp Gly 
U5 120 125 

Arc Gly Val Gly He Asn Val Arg Leu Ala Lys Asp Gly Val 
- - - - 140 



Ser Ser 
130 



135 



Leu Ala Phe Asp Lys Lys Gly Asp Leu Val Ala Trp Asn Lys His Asp 



145 150 155 



Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp Pro Ser Pro Asn Cys Thr 

165 170 

He Asp Gin Glu Arg Asp Ser Lys Leu Thr Leu Val Leu Thr Lys Cys 



180 



185 



Gly Ser Gin lie Leu Ala Asn Val Ser Leu Leu Val Val Lys Gly Lys 



195 



200 



Phe Ser Asn lie Asn Asn Asn Ala Asn Pro Thr Asp Lys Lys lie Thr 

215 220 



210 



Val Lys Leu Leu Phe Asn Glu Lys Gly Val Leu Met Asp Ser Ser Thr 



225 



230 



240 



Leu Lys Lys Glu Tyr Trp Asn Tyr Arg Asn Asp Asn Ser Thr Val Ser 



245 2 *° 255 



Gin Ala Tyr Asp Asn Ala Val Pro Phe Met Pro Asn lie Lys Ala Tyr 



260 



265 



Pro Lys Pro Ser Thr Asp Thr Ser Ala Lys Pro Glu Asp Lys Lys Ser 



275 



280 



Ala Ala Lys Arg Tyr lie Val Ser Asn Val Tyr lie Gly Gly Leu Pro 
290 2 * 5 300 

Asp Lys Thr Val Val He Thr lie Lys Phe Asn Ala Glu Thr Glu Cys 
30 5 310 315 



Ala Tyr Ser 



He Thr Phe Glu Phe Thr Trp Ala Lys Thr Phe Glu Asp 



325 



330 



335 



Val Gin Cys Asp Ser Ser Ser Phe Thr 

340 345 



<210> 54 
<211> 340 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (l)-.(340) 

<223> /note="Serotype 46 fiber protein 
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<400> 54 

Asn lie Pro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe Lys 
1 5 10 15 

Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro lie Ala 

20 25 30 

He Val Asn Gly Asp Val Ser Leu Lys Val Gly Gly Gly Leu Thr Leu 
35 40 45 

Gin Glu Gly Asn Leu Thr Val Asp Ala Lys Ala Pro Leu Gin Val Ala . 
50 55 60 

Asn Asp Asn Lys Leu Glu Leu Ser Tyr Ala Asp Pro Phe Glu Val Lys 
6S 70 75 80 

Asp Thr Lys Leu Gin Leu Lys Val Gly His Gly Leu Lys Val He Asp 

85 90 95 

Glu Lys Thr Ser Ser Gly Leu Gin Ser Leu He Gly Asn Leu Val Val 

100 105 110 

Leu Thr Gly Lys Gly He Gly Thr Gin Glu Leu Lys Asp Lys Asp Asp 
115 120 125 

Glu Thr Lys Asn lie Gly Val Gly lie Asn Val Arg He Gly Lys Asn 
130 * 135 140 

Glu Ser Leu Ala Phe Asp Lys Asp Gly Asn Leu Val Ala Trp Asp Asn 
145 150 155 160 

Glu Asn Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp Thr Ser Ser Lys 

165 170 175 

Phe Val Lys lie Ser Thr Glu Lys Asp Ser Lys Leu Thr Leu Val Leu 

180 185 190 

Thr Lys Cys Gly Ser Gin lie Leu Ala Ser Val Ser Leu Leu Ala Val 
195 200 205 

Ala Gly Ser Tyr Leu Asn Met Thr Ala Ser Thr Gin Lys Ser. lie Lys 
210 215 220 

Val Ser Leu Met Phe Asp Ser Lys Gly Leu Leu Met Thr Thr ser Ser 
225 230 235 240 

lie Asp Lys Gly Tyr Trp Asn Tyr Arg Asn Lys Asn Ser Val Val Gly 

245 250 255 

Thr Ala Tyr Glu Asn Ala He Pro Phe Met Pro Asn Leu Val Ala Tyr 

260 265 270 

Pro Arg Pro Asn Thr Pro Asp Ser Lys lie Tyr Ala Arg Ser Lys lie 
275 280 285 

Val Gly Asn Val Tyr Leu Ala Gly Leu Ala Tyr Gin Pro lie Val lie 
290 295 300 

Thr Val Ser Phe Asn Gin Glu Lys Asp Ala Ser Cys Ala Tyr Ser lie 
305 310 315 320 
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, m tw« &c?n Tvr Val Gly Gin Phe Asp Thr 

Thr Phe Glu Phe Ala Trp Asn Lys Asp ayr v«u. ^ 



325 



330 



Thr Ser Phe Thr 

340 



<210> 55 
<211> 389 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 

<222> <l)-.<389) . 
<223> /note="Serotype 47 fiber protein 

S 4 er 0 Cys 5 Pro Ser Ala Pro Thr He Phe Met Leu Leu Gin Met Lys Arc 

i 5 

Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr Gly Tyr 

20 25 
Ma Arg Asn Gin Asn He Pro Phe Leu Thr Pro Pro Phe Val Ser Ser 
35 

Asp Gly Phe Lys Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala 

50 55 
Asp Pro lie Thr lie Thr Asn Gly Asp Val Ser Leu Lys Val Gly Gly 
65 70 
Gly Leu Thr Leu Gin Glu Gly Thr Gly Asn Leu Thr Val Asn Ala Lys 

85 90 

Ala Pro Leu Gin Val Ala Asp Asp Lys Lys Leu Glu Leu Ser Tyr Asp 

100 ^ 
Asn Pro Phe Glu Val Ser Ala Asn Lys Leu Ser Leu Lys Val Gly His 



115 



120 



Gly Leu Lys Val Leu Asp Glu Lys Asn Ser Gly Gly Leu Gin Glu Leu 

130 135 
lie Gly Lys Leu Val lie Leu Thr Gly Lys Gly lie Gly Val Glu Glu 
145 I 50 155 

Leu Lys Asn Ala Asp Asn Thr Asn Arg Gly Val Gly He Asn Val Arg 



165 



Leu Gly Lys Asp Gly Gly Leu Ser ». Asp Lys Lys Gly Glu Leu Val 



180 



Ala Trp Asn Lys His Asn Asp Thr Arg Thr Leu Trp Thr Thr Pro Asp 



210 



195 

Pro Ser Pro Asn Cys Lys He Glu Gin Asp Lys Asp Ser Lys Leu Thr 

2l5 *br 



200 
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Leu Val Leu Thr Lys Cys Gly Ser Gin lie Leu Ala Thr Met Ala Phe 
225 230 235 240 

Gin Val Val Lys Gly Thr Tyr Glu Asn lie Ser Lys Asn Thr Ala Lys 

245 250 255 

Lys Ser Phe Ser lie Lys Leu Leu Phe Asp Asp Asn Gly Lys Leu Leu 

260. 265 270 

Glu Gly Ser Ser Leu Asp Lys Asp Tyr Trp Asn Phe Arg Asn Asp Asp 
275 280 285 

Ser lie Met Pro Asn Gin Tyr Asp Asn Ala Val Pro Phe Met Pro Asn 
290 295 300 

Leu Lys Ala Tyr Pro Asn Pro Lys Thr Ser Thr Val Leu Pro Ser Thr 
305 . 310 • 315 320 

Asp Lys Lys Ser Asn Gly Lys Asn Thr He Val Ser Asn Leu Tyr Leu 

325 330 335 

Glu Gly Lys Ala Tyr Gin Pro Val Ala Val Thr He Thr Phe Asn Lys 

340 345 350 

Glu Thr Gly Cys Thr Tyr Ser He Thr Phe Glu Phe Gly Trp Ala Lys 
355 360 365 

Thr Tyr Asp Val Pro He Pro Phe Asp Ser Ser Ser Phe Thr Phe Ser 
370 375 . " 380 

Tyr He Ala Gin Glu 
385 



<210> 56 

<211> 343 

<212> PRT 

<213> adenoviridae 

<220> 

<221> VARIANT 
<222> (1) (343) 

<223> /note="Serotype 48 fiber protein" 
<400> 56 

Ser Asp He Pro Phe Leu Thr Pro Pro Phe Val Ser Ser Asp Gly Phe 
1 5 10 15 

Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys Leu Ala Asp Pro He 

20 .25 30 

Thr He Thr Asn Gly Asn Val Ser Leu Lys Val Gly Gly Gly Leu Thr 
35 40 45 

Leu Gin Glu Gly Thr Gly Asp Leu Lys Val Asn Ala Lys Ser Pro Leu 
50 55 60 

Gin Val Ala Thr Asn Lys Gin Leu Glu He Ala Leu Ala Lys Pro Phe 
65 70 75 80 
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Glu Glu Lys 



Asp Gly Lys Leu Ala Leu Lys He Gly His Glu Leu Ala 
85 * 90 " 



Val Val Asp Glu Asn Leu Thr His Leu Gin Ser Leu lie Gly Thr Leu 



100 



105 



Val lie Leu Thr Gly Lys Gly lie Gly Thr Gly Arg Ala Glu Ser Gly 



115 



120 



Gly Thr lie Asp val Arg Leu Gly Ser Gly Gly Gly Leu Ser Phe Asp 
130 135 



Lys Asp Gly Asn Leu Val Ala Trp Asn Lys Asp Asp Asp Arg Arg Thr 
145 150 

Leu Trp Thr Thr Pro Asp Pro Ser Pro Asn Cys Lys He Asp Gin Asp 

165 

Lys Asp Ser Lys Leu Thr Phe Val Leu Thr Lys Cys Gly Ser Gin He 

180 18b 



Leu Ala Asn Met Ser 



Leu Leu Val Val Lys Gly Lys Phe Ser Met He 



195 



Asn Asn Lys 
210 



200 



205 



Val Asn Gly Thr Asp Asp Tyr Lys Lys Phe Thr lie Lys 



215 



220 



Leu Leu Phe Asp Glu Lys Gly Val Leu Leu Lys Asp Ser Ser Leu Asp 

230 235 



225 



Lys Glu Tyr Trp Asn Tyr Arg Ser Asn Asn Asn Asn Val Gly Ser Ala 

245 

Tyr Glu Glu Ala Val Gly Phe Met Pro Ser Thr Thr Ala Tyr Pro Lys 

260 265 



Pro Pro Thr Pro Pro 
275 



Thr Asn Pro Thr Thr Pro Leu Glu Lys Ser Gin 



280 



285 



Ma Lys Asn Lys Tyr Val Ser Asn Val Tyr Leu Gly Gly Gin Ala Gly 



290 



295 



Asn Pro Val Ala Thr Thr Val Ser Phe Asn Lys Glu Thr Gly Cys Thr 



305 



310 



315 



Tyr Ser lie Thr Phe Asp Phe Ala Trp Asn Lys Thr Tyr Lys Met Ala 

330 w 



325 

Phe He Pro Arg Phe Asn Phe 

340 



<210> 57 
<2H> 394 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (1)..(394) 



66 



EP 1 067188 A1 



<223> /note="Serotype 49 fiber protein" 
<400> 57 

Ser Cys Ser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 
1 5 10 • 15 

Lys Arg Ala Arg Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 30 

» 

Gly Tyr Ala Arg Asn Gin Asn lie Pro Phe Leu Thr Pro Pro Phe Val 
35 40 45 

Ser Scr Asp Gly Phe Gin Asn Phe Pro Pro Gly Val Leu Ser Leu Lys 
50 55 60 

Leu Ala Asp Pro He Ala He Thr Asn Gly Asn Val Ser Leu Lys Val 
65 70 75 80 

Gly Gly Gly Leu Thr Val Glu Gin Asp Ser Gly Asn Leu Lys Val Asn 

85 .90 95 

Pro Lys Ala Pro Leu Gin Val Ala Thr Asp Asn Gin Leu Glu lie Ser 

100 105 110 

Leu Ala Asp Pro Phe Glu Val Lys Asn Lys Lys Leu Ser Leu Lys Val 
115 120 . 125 

Gly His Gly Leu Lys Val He Asp Glu Asn He Ser Thr Leu Gin Gly 
130 135 140 

Leu Leu Gly Asn Leu Val Val Leu Thr Gly Met Gly He Gly Thr Glu 
145 150 155 160 

Glu Leu Lys Lys Asp Asp Lys He Val Gly Ser Ala Val Asn Val Arg 

165 170 175 

Leu Gly Gin Asp Gly Gly Leu Thr Phe Asp Lys Lys Gly Asp Leu Val 

180 185 190 

Ala Trp Asn Lys Glu Asn Asp Arg Arg Thr Leu Trp Thr Thr Pro Asp 
195 ~ 200 205 

Pro Ser Pro Asn Cys Lys Val Ser Glu Glu Lys Asp Ser Lys Leu Thr 
210 215 220 

Leu Val Leu Thr Lys Cys Gly Ser Gin He Leu Ala Ser Val Ser Leu 
225 230 235 240 

Leu Val Val Lys Gly Lys Phe Ala Asn He Asn Asn Lys Thr Asn Pro 

245 ~ 250 255 

Gly Glu Asp Tyr Lys Xaa Phe Ser Val Lys Leu Leu Phe Asp Ala Asn 

260 " 265 270 

Gly Lys Leu Leu Thr Gly Ser Ser Leu Asp Gly Asn Tyr Trp Asn Tyr 
275 280 285 

Lys Asn Lys Asp Ser Val He Gly Ser Pro Tyr Glu Asn Ala Val Pro 
290 295 300 

Phe Met Pro Asn Ser Thr Ala Tyr Pro Lys He He Asn Asn Gly Thr 
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305 



310 



315 



320 



Ala Asn Pro 



Glu Asp Lys Lys Ser Ala Ala Lys Lys Thr lie Val Thr 
325 330 

Asn Val Tyr Leu Gly Gly Asp Ala Ala Lys Pro Val Ala Thr Thr lie 



340 



345 



Ser Phe Asn Lys Glu Thr Glu Ser Asn Cys Val Tyr Mr lie Thr Phe 



355 



360 



Asp Phe Ala Trp Asn Lys Thr Tyr Lys Asn Val Pro Phe Asp Ser Ser 

375 



370 



Ser Leu Thr Phe Ser Tyr lie Ala Gin Glu 



365 



390 



<210> 58 
<211> 353 
<212> PRT 

<213> adenoviridae 
<220> 

<221> VARIANT 
<222> (l)-.(353) 

<223> /note="Serotype 51 fiber protein 

Ser'cyfser Cys Pro Ser Ala Pro Thr lie Phe Met Leu Leu Gin Met 

1 5 
Lys Arg Ala Arc, Pro Ser Glu Asp Thr Phe Asn Pro Val Tyr Pro Tyr 

20 25 
Glu Asp Glu Ser Thr Ser Gin His Pro Phe He Asn Pro Gly Phe lie 



35 



40 



Ser Pro Asn Gly Phe Thr Gin Ser Pro Asp Gly Val Leu Thr Leu Asn 



50 55 
Cys Leu Thr Pro Leu Thr Thr Thr Gly Gly Pro Leu Gin Leu Lys Va^ 



65 ™ 



Gly Gly Gly Leu He Val Asp Asp Thr Asp Gly Thr Leu Gin Glu Asn 

8 5 

He Arg Val Thr Ala Pro lie Thr Lys Asn Asn His Ser Val Glu Leu 



100 



Ser lie Gly Asn Gly Leu Glu Thr Gin Asn Asn Lys Leu Cys Ala Lys 



115 



120 



L eu Gly Asn Gly Leu Lys Phe Asn Asn Gly Asp lie Cys lie Lys Asp 

130 135 
Ser lie Asn Thr Leu Trp Thr Gly He Lys Pro Pro Pro Asn Cys Gin 
145 150 " 5 
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He Val Glu Asn Thr Asp Thr Asn Asp Gly Lys Leu Thr Leu Val Leu 

165 170 175 

Val Lys Asn Gly Gly Leu Val Asn Gly Tyr Val Ser Leu Val Gly Val 

180 185 190 

Ser Asp Thr Val Asn Gin Met Phe Thr Gin Lys Ser Ala Thr He Gin 
195 200 205 

Leu Arg Leu Tyr Phe Asp Ser Ser Gly Asn Leu Leu Thr Asp Glu Ser 
210 215 220 

Asn Leu Lys He Pro Leu Lys Asn Lys Ser Ser Thr Ala Thr Ser Glu 
225 230 235 240 

Ala Ala Thr Ser Ser Lys Ala Phe Met Pro Ser Thr Thr Ala Tyr Pro 

245 . 250 255 

Phe Asn Thr Thr Thr Arg Asp Ser Glu Asn Tyr He His Gly He Cys 

260 265 270 

Tyr Tyr Met Thr Ser Tyr Asp Arg Ser Leu Val Pro Leu Asn He Ser 
275 280 285 

lie Met Leu Asn Ser Arg Thr He Ser Ser Asn Val Ala Tyr Ala He 
290 295 300 

Gin Phe Glu Trp Asn Leu Asn Ala Lys Glu Ser Pro Glu Ser Asn He 
305 310 315 320 

Ala Thr Leu Thr Thr Ser Pro Phe Phe Phe Ser Tyr He He Glu Asp 

325 330 335 

Thr Thr Lys Cys. He Ser Leu Cys Tyr Val Ser Thr Cys Leu Phe Phe 

340 345 350 

* 

Asn 
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Claims 



1. A m«hod to d.«ve* 9 a n„*la acUl ., intoas, ,0 a h.a, =e. ^^^XS 
binding site and/or a receptor for adenovirus subgroups D and/or F. 

of interest to a CAR-negative cell. 

3. A gene delivery veh.de being a chimaera based on at .east twc , adenov».se S *S 
of said gene delivery vehicle is based on adenoviral matenal from a subgroup D and/or 
confers the capability of infecting CAR negative cells. 

4 A gene de.ivery vehicle according to claim 3, wherein said adenoviral materia, is based on a fiber, a penton and/ 
or a hexon protein of a subgroup D and/or subgroup F adenovirus. 

5 A gene de.ivery vehicle according to claim 3 or 4, further comprising an element from adenovirus 35, response 
for at least partially avoiding an immune response against adenovirus 3J>. 

cells and/or synoviocytes. 

7. A gene delivery vehide according to any one of claims 3-6, comprising a nudeic acid derived from an adenovirus. 

8 . A gene de.ivery vehicle according to any one of Cairns 3-7, comprising a nucleic acid derived from at least two 
different adenoviruses. 

group F adenovirus capsid protein. 

encoded by said nucleic acid derived from adenovirus has been reduced or d.sabled. 

13. A gene delivery vehicle according to anyone of the claims 1-12, further comprising at least one non.denovirus 
nucleic acid. 

and/or analogues thereof. 

15. A cell to m — o. a _ d*. ? vehicle 

of a subgroup D and/or subgroup F adenovirus capsid protein. 
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16. A cell according to claim 15, wherein said cell is or is derived from a PER.C6 cell (ECACC deposit number 
96022940). 

17. The use. of a gene delivery vehicle according to anyone of the claims 1-14 as a pharmaceutical. 

1 8. A receptor and/or a binding site for adenoviruses type D and/or F, present on or associated with CAR negative cells. 

19. A receptor and/or a binding site according to claim 18, present on K562 cells, amniotic fluid cells and/or primary 
fibroblast cells. 

20. A capsid protein derived from a subgroup D and/or a subgroup F adenovirus or a functional part, derivative and/ 
or analogue thereof. 

21 . A capsid protein according to claim 20, wherein said protein is a fiber protein: 

22. An isolate and/or recombinant nucleic acid encoding a capsid protein according to claim 20 or claim 21. 

23. An isolate and/or recombinant nucleic acid according to claim 22, wherein said nucleic acid comprises a sequence 
as depicted in figure 7. 
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Figure 1 



Seal (796) 

Clal (91 5) 




HSV-TK 



BamHI (2078) 



Bglll (2215) 



Aflll (2243) 



Ncol (2379) 
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Figure 3 



EcoRI 



BsrGl 



SnaBI 




Hpal 



Sail 



Pmll 



Ad5 bp 
351 1-609 



Avrll 
Aflll 
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Figure 4 



ITR 



El 




Ami 



\E2B 



L1-L3 




BamHI 



E2A 




\ 3534 

V 



pWE/Ad.Aflll-rlTRx Pad 



< 
t 
i 



f 
I 



Adapter plasmid x 



.'W-.j.t-V.T--'./ 




3511 



6093 



G6%i^f(Ktibri into aii El^on^nirig^ 




75 



EP1 067 188 A1 



Figure 5 



pCLIP-Luc/LacZ 



ITR Luciferase 
or 

LacZ 





pBr/AdBamrlTR.pac/fibxx 

**" 



XX Fiber 



pWE/AdAflll-Eco 
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Figure 6 



BamHI Ndel Sbfl 

1 " " lULMim^ — I . , , , 

Fiber I 1TR 

NY-UP * ^Y-DOWN 

PCR fragment y^^^r^^s^ai 

Ndel Nsil Sbfl 

NY-UP : 5*-CGA CAT ATG TAG A TG CAT TAG TTT GTG TTA TGT TTC AAC GTG-3' 

Ndel Nsil 

NY-DOWN: 5-GGA GAC CAC TGC CAT GTT G-3' 
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Figure 7: 



scscTs^ 

Sgvlslkladpitinnqnvslkvgggltlqeetg^ 

ICVRVGEGCGLSFNDNGDLVAFNKKEDKRTLWTTP^ 
ITKCGSOILANVSLTVVAGRYKIINNNTNPALKGFTIKLLFDKNGVLMESSNLGKS 

YWNFRNQNSIMSTAYEKAIGFMPNLVAYPKPTTGSKKYARDIVYGNIYLGGKPH 
QPVTIKTTFNQETGCEYSITFDFSWAKTYVNVEFETTSFTFSYIAQE. 

SCSCl^ 

Sgvlslkladp^ 

DQPVTIKTTFNQETGCEYSITFDFSWAKTYVNVEFETTSFTFSYIAQE. 

* 

K^PG^L^ADPm 

LVYDDPFEVSTNKLSLKVGHGLKVLDDKSAGGLKDLIGKLVVLTGKGIGIENLQ 
l^DGSSRGVGINVRLGTDGGLSFDRKGELVAWNRKDDRRTLWTTPDPSPNCKA 

e^kdsklVlv^ 

LPTSNLSKEYWNYRSYDNNIGTPYENAVPFMPNLKAYPKPTKTASDKAENKISS 
Al^KIVSWWGGQAYQPGTIllKFNEElDETCAYSITFNFGWGKVYDNPFPFDTTS 

FTXSYIAQE. 
MGATTPLVKTGHSl^ 

gvnSaS 

I^AELFFDSAGNLLTSLSSLKTPLNHKSGQTWLLVPLLMLKVSCPAQLLI^ 

e^k^fTfxvttqlvitllfpltisvmlnqrairadtsyciriws^ 
qtsattlvts 

IANPKAPLQVANDKLELSYAYPFETSANKLSLKVGQGLKVLDEKDSGGLQ^LG 
KLVVLTGKG1GVEELKNPDNTNRGVGINVRLGKDGGLSFNKNGELVAWNKHND 
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Figure 7 cont. 

TGTLWTTPDPSPNCK1EEVKDSKLTLVLTKCGSQILATMAFQVVKGTYEN1SKNT 
AKNSFSIKLLFDDNGKLLEGSSLDKDYWNFRSDDSIIPNQYDNAVPFMPNLKAYP 
KPSTVLPSTDKNSNGKNTIVSNLYLEGKAYQPVAVTITFNKEIGCTYSITFDFGWA 
KTYDVPIPFDSSSFT 

1.6: Serotype 23 fiber protein 

QN1PFLTPPFVSSDGFQNFPPGVLSLKLADPIAITNGDVSLKVGGGLTVEQDSGNL 

KVNTKAPLQVAADKQLEIALADPFEVSKGRLGIKAGHGLKVIDNSISGLEGLVGT 

LVVLTGHGIGTENLLNNDGSSRGVGINVRLGKDGGLSFDKKGDLVAWNKKYDT 

RTLWTTPDPSPNCKVIEAKDSKLTLVLTKCGSQ1LANMSLL1LKGTYEYISNAIAN 

KSFT1KLLFNDKGVLMDGSSLDKDYWNYKSDDSVMSKAYENAVPFMPNLKAYP 

NPTTSTThfPSTDKKSNGKNAIVSNVYLEGRAYQPVAITITFNKETGCTYSMTFDF 

GWSKVYNDP1PFDTSSLT 

1.7: Serotype 24 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

NFPPGVLSLKLADPIAITNGDVSLKVGGGLTVEKDSGNLKVNPKAPLQVTTDKQL 

EIALAYPFEVSNGKLGIKAGHGLKVIDKIAGLEGLAGTLVVLTGKGIGTENLENS 

DGSSRGVG1NVRLAKDGGLSFDKKGDLVAWNKHDDRRTLWTTPDPSPNCTIDQ 

ERDSKLTLVLTKCGSQILANVSLLVVKGKFSNINNNTNPTDKKITVKLLFNEKGV 

LMDSSTLKKEYWNYRNDNSTVSQAYDNAVPFMPNIKAYPKPTTDTSAKPEDKK 

SAAKRYIVSNVYlGGLPDKTVVrnKFNAETECAYSITFEFTWAKTFEDVQFDSSSF 

TFSY1AQE. 

1.8: Serotype 25 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQN1PFLTPPFVSSDGFQ 

NFPPGVLSLKLADPITISNGDVSLKVGGGLTVEODSGNLSVNPKAPLQVGTDKKL 

ELALAPPFNVKDNKLDLLVGDGLKVIDKSISXLPGLLNYLVVLTGKG1GNEELKN 

DDGSNKGVGLCVR1GEGGGLTFDDKGYLVAWNKKHDIRTLWTTLDPSPNCRID 

VDKDSKLTLVLTKCGSQILANVSLLVVKGRFQNLNYKTNPNLPKTFTIKLLFDEN 

GILKDSSNLDKNYWNYRNGNSILAEQYKNAVGFMPNLAAYPKSTTTQSKLYAR 

NTIFGNIYLDSQAYNPVV1K1TFNQEADSAYSITLNYSWGKDYENIPFDS 

1 .9: Serotype 27 fiber protein 

IPFLTPPFVSSDGFKNFPPGVLSLKLADPIT1TNGDVSLKVGGGLVVEKESGKLSV 

DPKTPLQVASDNKLELSYNAPFKVENDKLSLDVGHGLKV1GNEVSSLPGLINKLV 

VLTGKGIGTEELKEQNSDKJIGVG1NVRARGGLSFDNDGYLVAWNPKYDTRTLW 

TTPDTSPNCKMLTKKDSKLTLTLTKCGSQILGNVSLLAVSGKYLNMTKDETGVKI 

ILLFDRNGVLMQESSLDKEYWNYRNDNNVIGTPYENAVGFMPNLVAYPKPTSA 

DAKNYSRSKIISNVYLKGLIYQPVIIIASFNQETTNGCVYSISFDFTCSKDYTGQQF 
DVTSF 

1.10: Serotype 28 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 
NFPPGVLSLKLADPITIANGDVSLKLGGGLTVEKESGNLTVNPKAPLQVASGQLE 
LAYYSPFDVKNNMLTLKAGHGLAVVTKDNTDLQPLMGTLVVLTGKGIGTGTSA 
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Figure 7 cont 



HGGTroVRIOKNGSLAFDKNGDLVAWDKENDRRTLWTTPD^PNCF^SEVKDS 
YNPVV1KISFNQETQNNCVYS1SFDYTCSKEYTGMQFDVTSFTFSY1AQE. 



ONlPH^PP^^SDGFW^rcVLSLKl^DPlAlTNGDVSLKVGCKjLTVEQDSG^ 



====== 

N1PFDSTSFTS 



KKSAAKRYIVSNVY1GGLPDKTVV1TIKLNAETESAYSMTFEFTWAKTFENLQFD 

sssftfsy1aqe. 
ddSvgT^ 

?e^skl^tkcgsqilatvsuvlkgkyefvkketep 
tfsyiaqe. 

1.15: Serotype 34 fiber protein 
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Figure 7 cont. 



SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYEDESTSQHPFINPGFISPNGFTQ 

SPDGVLTLKCLTPLTTTGGSLQLKVGGGLTVDDTDGTLQKN1RATTPITKNNHSV 

ELTIGNGLETQHNKLCAKLGNGLKFNNGDICIKDSINTLWTGINPPPNCQIVENTN 

TNDGKLTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKTANIQLRLYFDSSGNL 

LTDESDLKIPLK^KSSTATSETVASSKAFMPSTTAYPFNTTTRDSENYIHGICYYM 

TSYDRSLFPLNISIVn.NSRMlSSNVAYAIQFEWNLNASESPEKQHMTLTTSPFFFSY 

11EDDN. 

1.16: Serotype 35 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYEDESTSQHPFINPGFISPNGFTQ 
SPDGVLTLKCLTPLTTTGGSLQLKVGGGLTVDDTDGTLQENIRATAP1TKNNHSV 
ELSIGNGLETQNNKLCAKLGNGLKFNNGDICIKDSINTLWTGINPPPNCQIVENTN 
TNDGKLTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKTANIQLRLYFDSSGNL 
LTEESDLKIPLKNKSSTATSETVASSKAFMPSTTAYPFNTTTRDSENYIHGICYYM 
TSYDRSLFPLNISIMLNSRNTISSNVAYAIQFEWNLNASESPESNIMTLTTSPFFFSYI 
TEDDN. 

1 . 17 Serotype 36 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFK 

NFPPGVLSLKLADPIAIVNGDVSLKVGGGLTVEQDSGKLKVNPKTPLQVVNDQLE 

LATDKPFKIENNKLALDVGHGLKVIDKTISDLQGLVGKLVVLTGVG1GTETLKDK 

NDKV1GSAVNVRLGKDGGLDFNKKGDLVAWNRYDDRRTLWTTPDPSPNCKVS 

EAKDSKLTLVLTKCGSQILASVALLTVKGKYQTISEST1PKDQRNFSVKLMFDEKG 

KI^LDKSSLDKEYWNFRSNDSVVGTAYDNAVPFMPNLKAYPKNTTTSSTNPDDKi 

SAGKKN1VSNVYLEGRVYQPVALTVKFNSENDCAYSITFDFVWSKTYESPVAFD 

SSSFTFSYIAQE. 

1.18 Serotype 37 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFK 

NFPPGVLSLKLADPITITNGDVSLKVGGGLTLQDGSLTVNPKAPLQVNTDKKLEL 

AYDNPFESSANKLSLKVGHGLKVLDEKSAAGLKDL1GKLVVLTGKGIGTENLEN 

TDGSSRGIGINVRAREGLTFDNDGYLVAWNPKYDLRTLWTTPDTSPNCTIAQDK 

DSKLTLVLTKCGSQ1LANVSLIVVAGKYHI1NNKTNPK1KSFTIKLLFNKNGVLLD 

NSNLGKAYWNFRSGNSNVSTAYEKAIGFMPNLVAVSKPSNSKKYARDIVYGNIY 

LGGKPDQPGVIKTTFNQETGCEYS1TFNFSWSKTYENVEFETTSFTFSY1A0E. 

1.19 Serotype 38 fiber protein 

SCSCPSAFriFMLLQMKRARPSEDTFNPVYPYGYARNQNlPFXTPPFVXSDGFQ 

NFPPGVLSLKLADP1TIANGNVSLKVGGGLTLEQDSGKL1VNXKAPLQVANDKLE 

LSYADPFETSANKLSLKVGHGLKVLDEKNAGGLKDLIGTLVVLTGKG1GVEELK 

NADNTNRGVGINVRLGKDGGLSFDKKGDXVAWNKHDDRRTLWTTPDPSPNCTI 

DEERDSKLTLVLTKCGSQILANVSLLVVKGKFSNINNNTNPTDKKITVKLLFNEK 

GVLMDSSSLKKEYWNYRNDNSTVSQAYDNAVPFMPNIKAYPKPTTDTSAKPED 

KKSAAKRYIVSNVYIGGLPDKTVVITIKLNAETESAYSMTFEFTWAKTFENLQFD 

SSSFTFSYIAQE. 
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Figure 7 cont. 



1RISPSSLPPLSPPMDSKTSPLGCYHSNWLTQSPSPMGMSHSRWEGGSPWQEGTG 
DLKVNAKSPLOVATNKQLEIALAKPFEEKDGKLALKIGHGLAVVDENHTHLQSL 

IGTLVlUrcKGlCT 
^PSPNC^ 

YPKPPTPPTNPTTPLEKSQAKNKYVSNVYLGGQAGNPVATTVSFNKETGCTYSrr 
FDFAWNKTYENVQC. 

NFPPGVLSLKLANPIAITNGDVSLKVGGGLTLQDGTGKLTIDTKTP^ 
LAFDAPLYEKNGKLALKTGHGLAVLTKD1G1PELIGSLVTLTGKG1GTGTVAGGGT 

^GD^G^ 

LTKCGSOILASFSLLVVXGTYTTVDKNTTNKQFSIKLLFDANGKLKSESNLSGYW 
NYRSDNSVVSTPYDNAVPFMPNTTAYPK11NSTTDPENKKSSAKKTIVGNVYLEG 
NAGQPVAVA1SFNKETTADYSITFDFAWSKAYETPVPFDTSSMTFSYIAQE. 

ni 2 pxl^ssdg™ 

VNPKAPLOVAKGQLELAYDSPFDVKNNMLTLKAGHGLAVVTKDNTDLQPLMG 

TLVVLTGKGIGTGTSAHGGTIDVRIGKNGSLAFDKDGDLVAWDKENDRRTLWT 

^DTSPNQCI^^KDSKLTLILTKCGSQILGSVSLLAVKGEYQNMTANTKKN\^ 

TLTroANG^LAGSSXXKEYW>H^SNDSTVSGNYENAVQFMPNITAYKPTNSKS 

YARS^FGNVYIDAKPYNPVVIKISFNQETQNNCVYSISFDYTLSKDYPNMQFDV 

TLS 

VNAKSPLOVATNKQLEIALAKPFEEKDGKJ.ALKIGHGLAVVDENHTHLQSUGTL 
viLTG^ 

PSPNCKroQDKDSKLTFVLTKCGSQILANMSL^ 

FTIKLLFDEKGVLLKDSS1J)KEYWNYRSNNNNVGSAYEEAVGFMPSTTAYPKPP 
^PTNf^PLEKSQAKNKYVSKVYLGGQAGNPVATTVSFNKETGCTYSITFDFA 

WNKTYENVQFDSSF 

VNPKAPLOVTTDKQLE1ALAYPFEVSNGKLGIKAGHGLKV1DKIAGLEGLAGTLV 
VLTGKGIGTENLENSDGSSRGVGINVRLAKDGVLAFDKKGDLVAWNKHDDRRT 
L^PDPSPNCTIDQERDSKLTLVLTKCGSQILANVSLLVVKGKFSNINNNA^ 
DKKITVKLLFNEKGVLMDSSTLKKEYWNYRNDNSTVSQAYDNAVPFMPN1KAY 
PKPSTDTSAKPEDKKSAAKRYIVSNVY1GGLPDKTVVITIKFNAETECAYSITFEFT 

WAKTFEDVQCDSSSFT 
1 .25: Serotype 46 fiber protein 
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Figure 7 cont. 

N1PFLTPPFVSSDGFKNFPPGVLSLKLADP1AIVNGDVSLKVGGGLTLQEGNLTVD 

AKAPLQVANDNKLELSYADPFEVKDTKLQLKVGHGLKVIDEKTSSGLQSL1GNL 

VVLTGKGIGTQELKDKDDETKNIGVGINVRIGKNESLAFDKDGNLVAWDNENDR 

RTLWTTPDTSSKFVKISTEKDSKLTLVLTKCGSQILASVSLLAVAGSYLNMTAST 

QKSIKVSLMFDSKGLLMTTSSIDKGYWNYRNKNSVVGTAYENAIPFMPNLVAYP 

RPNTPDSKIYARSKIVGNVYLAGLAYQPTVITVSFNQEKDASCAYSITFEFAWNKD 

YVGQFDTTSFT 

1 .26 Serotype 47 fiber protein 

SCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFKNF 

PPGVLSLKLADPITITNGDVSLKVGGGLTLQEGTGNLTVNAKAPLQVADDKKJLE 

LSYDNPFEVSANKLSLKVGHGLKVLDEKNSGGLQELIGKLVILTGKGIGVEELKN 

ADNTNRGVGINVRLGKDGGLSFDKKGELVAWNKHNDTRTLWTTPDPSPNCKIE 

QDKDSKLTLVLTKCGSQILATMAFQVVKGTYEN1SKNTAKKSFSIKLLFDDNGKL 

LEGSSLDKDYWNFRNDDS1MPNQYDNAVPFMPNLKAYPNPKTSTVLPSTDKKSN 

GKNT1VSNLYLEGKAYQPVAVT1TFNKETGCTYS1TFEFGWAKTYDVPIPFDSSSF 

TFSYIAQE. 

» 

1.27: Serotype 48 fiber protein 

SDIPFLTPPFVSSDGFQNFPPGVLSLKLADP1T1TNGNVSLKVGGGLTLQEGTGDLK 

VNAKSPLQVATNKQLEIALAKPFEEKDGKLALK1GI1ELAVVDENLTHLQSL1GTL 

VILTGKG1GTGRAESGGTIDVRLGSGGGLSFDKDGNLVAWNKDDDRRTLWTTPD 

PSPNCKIDQDKDSKLTFVLTKCGSQILANMSLLVVKGKFSMINNKVNGTDDYKK 

FTIKLLFDEKGVLLKDSSLDKEYWNYRSNNNNVGSAYEEAVGFMPSTTAYPKPP 

TPPTNPTTPLEKSQAKNKYVSNVYLGGQAGNPVATTVSFNKETGCTYSITFDFA 

WNKTYKMAFIPRFNF 

1.28: Serotype 49 fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYGYARNQNIPFLTPPFVSSDGFQ 

NFPPGVLSLKLADPIAITNGNVSLKVGGGLTVEQDSGNLKVNPKAPLQVATDNQ 

LE1SLADPFEVKNKKJLSLKVGHGLKV1DENISTLQGLLGNLVVLTGMGIGTEELK 

KDDK1VGSAVNVRLGQDGGLTFDKKGDLVAWNKENDRRTLWTTPDPSPNCKVS 

EEKDSKLTLVLTKCGSQILASVSLLVVKGKFAN1NNKTNPGEDYKXFSVKLLFDA 

NGKLLTGSSLDGNYWNYKMKDSVIGSPYENAVPFMPNSTAYPK11NNGTANPED 

KKSAAKKTIVTNVYLGGDAAKPVATTISFNKETESNCVYSITFDFAWNKTYKNV 

PFDSSSLTFSYIAQE. 

1 .29.: Serotype 5 1 Fiber protein 

SCSCPSAPTIFMLLQMKRARPSEDTFNPVYPYEDESTSQHPF1NPGFISPNGFTQ 

SPDGVLTLNCLTPLTTTGGPLQLKVGGGLIVDDTDGTLQENIRVTAP1TKNNHSV 

ELSIGNGLETQNNKLCAKLGNGLKFNNGDICIKDSINTLWTGIKPPPNCQIVENTD 

TNDGKLTLVLVKNGGLVNGYVSLVGVSDTVNQMFTQKSATIQLRLYFDSSGNLL 

TDESM.KIPLKNKSSTATSEAATSSKAFMPSTTAYPFNTTTRDSENY1HGICYYMT 

SYDRSLVPLNISIMLNSRTISSNVAYAIQFEWNLNAKESPESNIATLTTSPFFFSYIIE 

DTTKC1SLCYVSTCLFFN 
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Figure 8: 



Infection of human lung carcinoma cells 

(A549) 




Recombinant fiber virus 
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Figure 9 



Infection of human erythro-leukemia cells (K562) cells 
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Figure 10 
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Figure 11 



Infection of human lymphoblast cells (SupTt) 
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Figure 12 



Infection of human chorionvilli 
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Figure 13 



Infection of human liver (HepG2) cells 
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